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3-SULPONYLAMINO-PYRROLIDINE-2— ONE DERIVATIVES AS INHIBITORS OF FACTOR XA 

Field of the Invention 

5 The present invention relates to a novel class of chemical compounds, to processes for 
their preparation, to pharmaceutical compositions containing them and to their use in 
med.cine, particularly use in the amelioration of a clinical condition for which a Factor Xa 
inhibitor is indicated. 

10 Background of the Invention 

Factor Xa is a member of the trypsin-like serine protease class of enzymes It is a key 
enzyme .n the coagulation cascade. A one-to-one binding of Factors Xa and Va with 
calcum .ons and phospholipid converts prothrombin into thrombin. Thrombin plays a 

15 central role in the mechanism of blood coagulation by converting the soluble plasma 
prote.n, fibrinogen, into insoluble fibrin. The insoluble fibrin matrix is required for the 
stab.hsat.on of the primary hemostatic plug. Many significant disease states are related to 
abnormal hemostasis. With respect to the coronary arterial vasculature, abnormal 
thrombus formation due to the rupture of an established atherosclerotic plaque is the 

20 major cause of acute myocardial infarction and unstable angina. Both treatment of an 
occlusive coronary thrombus by thrombolytic therapy and percutaneous transluminal 
coronary angioplasty (PTCA) are often accompanied by an acute thrombotic reclosure of 
the affected vessel which requires immediate resolution. With respect to the venous 
vasculature, a high percentage of patients undergoing major surgery in the lower 

25 extremit.es or the abdominal area suffer from thrombus formation in the venous 
vasculature which can result in reduced blood flow to the affected extremity and a pre- 
disposition to pulmonary embolism. Disseminated intravascular coagulopathy commonly 
occurs within both vascular systems during septic shock, certain viral infections and 
cancer and is characterised by the rapid consumption of coagulation factors and systemic 

30 coagulation which results in the formation of life-threatening thrombi occurring throughout 
the vasculature leading to widespread organ failure. Beyond its direct role in the formation 
of f.bnn rich blood clots, thrombin has been reported to have profound bioregulatory 
effects on a number of cellular components within the vasculature and blood (Shuman 
M.A., Ann. NY Acad. Sci., 405: 349 (1986)). 

35 

A Factor Xa inhibitor may be useful in the treatment of acute vascular diseases such as 
acute coronary syndromes (for example primary and secondary prevention of myocardial 
mfarct.on and unstable angina and treatment of prothrombotic sequalae associated with 
myocardial infarction or heart failure), thromboembolism, acute vessel closure associated 
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with thrombolytic therapy and percutaneous transluminal coronary angioplasty, transient 
ischemic attacks, pulmonary embolism, deep vein thrombosis, peripheral arterial 
occlusion, prevention of vessel luminal narrowing (restenosis), and the prevention of 
thromboembolic events associated with atrial fibrillation, e.g. stroke. Factor Xa inhibitors 
5 may also be useful in preventing thrombosis and complications in patients genetically 
predisposed to arterial thrombosis or venous thrombosis and patients that have a disease- 
associated predisposition to thrombosis (e.g. type 2 diabetics). Thrombin has been 
reported to contribute to lung fibroblast proliferation, thus, Factor Xa inhibitors could be 
useful for the treatment of some pulmonary fibrotic diseases. Factor Xa inhibitors could 

10 also be useful in the treatment of tumour metastasis, by suppressing coagulation and thus 
preventing fibrin deposition and its concommittant facilitation of metastasis. A Factor Xa 
inhibitor may also have utility as an anti-inflammatory agent through its inhibition of FXa 
mediated activation of protease-activated receptors (PARs 1 and 2). A Factor Xa inhibitor 
may also have utility as an anti-atherosclerotic agent through the suppression of platelet- 

15 activation. Thrombin can induce neurite retraction and thus Factor Xa inhibitors may have 
potential in neurogenerative diseases such as Parkinson's and Alzheimer's disease 
Factor Xa inhibitors may also have utility as anticoagulant agents in connection with the 
preparation, storage, fractionation or use of whole blood. They have also been reported 
for use in conjunction with thrombolytic agents, thus permitting the use of a lower dose of 

20 thrombolytic agent. 

Description of the Invention 

The present invention provides compounds of formula (IV 

25 




wherein: 



(I) 
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R 1 represents a group selected from: 




each ring of which optionally contains a further heteroatom N, 
Z represents an optional substituent halogen, 
alk represents alkylene or alkenylene, 
5 T represents S, O or NH; 

R 2 represents hydrogen, -C^alkyl, -Ci. 3 alkylCONR a R b , -C^alkylC0 2 C M alkyl, -C0 2 d. 
4 alkyl or -CLaalkylCOaH; 

10 R a and R b independently represent hydrogen, -C^alkyl, or together with the N atom to 
which they are bonded form a 5-, 6- or 7- membered non-aromatic heterocyclic ring 
optionally containing an additional heteroatom selected from O, N and S, optionally 
substituted by C^alkyl, and optionally the S heteroatom is substituted by O, i.e. 
represents S(0) n ; 

15 

n represents 0-2; 

X represents phenyl or a 5- or 6- membered aromatic heterocyclic group containing at 
least one heteroatom selected from O, N or S, each of which is optionally substituted by 0- 
20 2 groups selected from: halogen, -C M alkyl, -C^alkenyl, -CN, -CF 3 , -NR a R°, -C^alkylOR 6 
-C(0)R f and -C(0)NR a R D ; 

R e represents hydrogen or -C 1 . 6 alkyl; 



25 R f represents -C^alkyl; 
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Y represents a group -C(R x )(R z )Co. 2 alkylNR c R d ; 

R x represents C M alkyl optionally substituted by halogen (e.g. CF 3l -CH 2 CF 3 ); 

5 R z represents hydrogen or C^alkyl optionally substituted by halogen (e.g. CF 3 , -CH 2 CF 3 ); 

R c and R d independently represent hydrogen, -C^alkyl, -C^alkylOH, or together with the 
N atom to which they are bonded form a 4-, 5-, 6- or 7- membered non-aromatic 
heterocyclic nng, the 5-, 6- or 7- membered non-aromatic heterocyclic ring optionally 
10 contammg an additional heteroatom selected from O, N or S, optionally substituted by C, 
4alkyl; 1 

and/or pharmaceutical^ acceptable derivative thereof. 

Further aspects of the invention are: 

15 - A pharmaceutical composition comprising a compound of the invention together 
with a pharmaceutical carrier and/or excipient. 

A compound of the invention for use in therapy. 

Use of a compound of the invention for the manufacture of a medicament for the 
20 inhibToT ° f 3 Pati6nt SUfferin9 fr ° m 8 COnditi ° n SUSCeptible to amelioration by a Factor Xa 
A method of treating a patient suffering from a condition susceptible to 
amelioration by a Factor Xa inhibitor comprising administering a therapeutically effective 
amount of a compound of the invention. 

25 In one aspect of the invention, the present invention provides compounds of formula (I): 

o o 



N 



Y 




wherein: 
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R 1 represents a group selected from: 





-(c M )aik— <^_V; 




(C 2 ,)alk 



each ring of which optionally contains a further heteroatom N, 
Z represents an optional substituent halogen, 
alk represents alkylene or alkenylene, 
5 T represents S, O or NH; 

R 2 represents hydrogen, -C^alkyl, -C^alkylCONR a R b , -C^alkylC0 2 C M alkyl, -C0 2 C, 
4 alkylor-C^alkylC0 2 H; 

10 R a and R b independently represent hydrogen, -C^alkyt, or together with the N atom to 
wh.ch they are bonded form a 5-, 6- or 7- membered non-aromatic heterocyclic ring 
optionally containing an additional heteroatom selected from O, N or S, optionally 
substituted by C^alkyl, and optionally the S heteroatom is substituted by O ie 
represents S(0)„; ' 

15 

X represents phenyl or a 5- or 6- membered aromatic heterocyclic group containing at 
least one heteroatom selected from O, N or S, each of which is optionally substituted by 0- 
2 groups selected from: halogen, -C^alkyl, -C^alkenyl, -CN, -CF 3l -NR a R b , -C 0 ^alkylOR e 
-C(0)R f and-C(0)NR a R b ; ' ■ ' 

20 

R 8 represents hydrogen or -C^alkyl; 
R f represents -d. 6 alkyl; 



25 Y represents a group -C(R x )(R 2 )C 0 . 2 alkylNR°R d ; 
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R x represents C^alkyl optionally substituted by halogen (e.g. CF 3 , -CH 2 CF 3 ); 

R 2 represents hydrogen or C^alkyl optionally substituted by halogen (e.g. CF 3l -CH 2 CF 3 ); 

R° and R d independently represent hydrogen, -C^alkyl, -C^alkylOH, or together with the 
N atom to which they are bonded form a 5- or 6- membered non-aromatic heterocyclic 
ring optionally containing an additional heteroatom selected from O, N or S, optionally 
substituted by C^alkyl; 

and pharmaceutical^ acceptable derivatives thereof. 

In one aspect of the invention, R 1 represents a group selected from: 




each ring of which optionally contains a further heteroatom N, 
Z represents an optional substituent halogen, 
15 alk represents alkylene or alkenylene, 
T represents S, O or NH. 

In another aspect, R 1 represents a group selected from: 




20 each ring of which optionally contains a further heteroatom N, 
Z represents an optional substituent halogen, 
alk represents alkylene or alkenylene, 
T represents S, O or NH. 



25 In another aspect, R 1 represents a group selected from: 
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Z represents an optional substituent halogen, 
alk represents alkylene or alkenylene, 
T represents S, O or NH. 

5 

Alternatively, R 1 represents a group selected from: 



each ring of which optionally contains a further heteroatom N, 
Z represents an optional substituent halogen, 
10 alk represents alkylene or alkenylene. 

Alternatively, R 1 represents a group selected from: 



each ring of which optionally contains a further heteroatom N, 
15 2 represents an optional substituent halogen, 
alk represents alkylene or alkenylene. 

In another aspect, R 1 represents a group selected from: 



20 Z represents an optional substituent halogen, 
alk represents alkylene or alkenylene. 
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Alternatively, R 1 represents a group selected from: 




Z represents an optional substituent halogen. 
5 In one aspect of the invention, T represents S. 

In one aspect of the invention, R 2 represents hydrogen. 

In one aspect of the invention, R a and R b independently represent hydrogen or -C^alkyl 

0 

In one aspect of the invention, n represents 0-2. 

In one aspect of the invention, X represents phenyl or a 5- or 6- membered aromatic 
heterocyclic group containing at least one heteroatom selected from O, N or S, each of 

5 which Is optionally substituted by 0-2 groups selected from: halogen, -C^alkyl and - 
NR a R b . In another aspect, X represents phenyl which is optionally substituted by 0-2 
groups selected from: halogen, -C^alkyl and -NR a R b . In another aspect, X represents 
phenyl substituted by 0-2 halogen groups. In another aspect, X represents phenyl 
substituted by 1-2 halogen groups. In another aspect, X represents phenyl substituted by 

0 a halogen. In another aspect, X represents phenyl substituted by a fluorine. 

In one aspect of the invention, Y represents a group -C(R x )(R*)NR c R d . In another aspect 
Y represents a group -C 2 ^alkylNR°R d . In another aspect, Y represents -C(CH 3 )-NR°R d . 

5 In one aspect of the invention, R* represents C M alkyl. In another aspect, R x represents 
methyl. 



In one aspect of the invention R z represents hydrogen or C^alkyl. In another aspect, R z 
represents hydrogen or methyl. In another aspect, R z represents hydrogen. 

30 

In one aspect of the invention, R c and R d independently represent hydrogen, -C^alkyl, - 
C^alkylOH, or together with the N atom to which they are bonded form a 4-, 5- or 6- 
membered non-aromatic heterocyclic ring, the 5- or 6- membered non-aromatic 
heterocyclic ring optionally containing an additional heteroatom selected from O, N or S 
35 optionally substituted by C^alkyl. In another aspect of the invention, R c and R d 
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independently represent hydrogen, -Chalky!, -C^alkylOH, or together with the N atom to 
wh.ch they are bonded form a 4-, 5- or 6- membered non-aromatic heterocyclic ring the 5- 
or 6- membered non-aromatic heterocyclic ring optionally containing an additional 
heteroatom selected from O, N or S. In another aspect of the invention, R° and R< 
5 independently represent hydrogen, -C^alkyl, -C^alkylOH, or together with the N atom to 
wh.ch they are bonded form a 6- membered non-aromatic heterocyclic ring optionally 
containing an additional heteroatom selected from O, N and S. In another aspect R° 
represents methyl and R< represents -C^alkyl or -C^alkylOH. or R° and R d together with 
the N atom to which they are bonded form a 6- membered non-aromatic heterocyclic ring 
10 optionally containing an additional heteroatom selected from O, N and S In another 
aspect, R° represents methyl and R« represents -C^alkyl or -C^alkylOH, or R° and R d 
together with the N atom to which they are bonded form a morpho.ino ring. In another 
aspect of he mvention, R« and R« independently represent hydrogen, -Chalky! or 
together w,th the N atom to which they are bonded form a 4-, 5- or 6- membered non- 
15 aromat.c heterocyclic ring. In another aspect of the invention, R c and R d together with the 
N atom to which they are bonded form a 4-, 5- or 6- membered non-aroma« c hete' cycHc 
nng, e.g. azetid.ne. In another aspect of the invention, R c and R d independently represent 
hydrogen or -C^alkyL In another aspect of the invention, R c represents -C^alkyl and R" 
represents hydrogen. In another aspect, R° and R d both represent methyl. It is to be 
20 understood that the above-mentioned optional substituent C^alkyl may be on the 4- 5- 
6- or 7- membered non-aromatic ring of R c and R d . 

It is to be understood that the present invention covers all combinations of the various 
aspects of the invention described herein above 

25 

As used herein, the term "alky!" means both straight and branched chain saturated 
S^' 68 ^ a,ky ' 9r ° UPS inC ' Ude ^ ( " CH3) ' 6thyl ( " C ** ^ 

30 As used herein, the term "alkylene" means both straight and branched chain saturated 
hydrocarbon linker groups. Examples of alkylene groups include methylene (-CH 2 -) 
ethylene (-CH 2 CH 2 -) and propylene (-CH 2 CH 2 CH 2 -). 

As used herein, the term "alkenylene" means both straight and branched chain 
35 unsaturated hydrocarbon linker groups, wherein the unsaturation is present only as 
double bonds. Examples of alkenylene groups includes ethenylene (-CH=CH-) and 
propenylene (-CH 2 -CH=CH-). ' 
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As used herein, the term "heterocyclic group" means optionally substituted rings 
containing one or more heteroatoms selected from: nitrogen, sulphur and oxygen atoms 
The heterocycle may be aromatic or non-aromatic, i.e., may be saturated, partially or fully 
unsaturated. Examples of 5-membered groups include thienyl, furanyl, pyrrolidinyl 
5 thiazolyl, oxazolyl and imidazolyl. Examples of 6-membered groups include pyridyl 
piperidinyl, pyrimidinyl and morpholinyl. Examples of 7- membered groups include 
hexamethyleneiminyl. Certain heterocyclic groups, e.g. thienyl, furanyl, thiazolyl, oxazolyl 
pyridyl and pyrimidinyl are C-linked to the rest of the molecule. Other heterocyclic groups' 
e.g pyrrolidinyl, imidazolyl, piperidyl, morpholinyl and hexamethyleneiminyl may be C- 
10 linked or N-linked to the rest of the molecule. 

As used herein, the term "halogen" means an atom selected from fluorine, chlorine 
bromine and iodine. 

15 As used herein, the term "pharmaceutical^ acceptable" means a compound which is 
suitable for pharmaceutical use. 

As used herein, the term "pharmaceutically acceptable derivative", means any 
pharmaceutically acceptable salt, solvate, or prodrug e.g. ester or carbamate, or salt or 
20 solvate of such a prodrug, of a compound of formula (I), which upon administration to the 
recipient is capable of providing (directly or indirectly) a compound of formula (I) or an 
active metabolite or residue thereof. Exemplary pharmaceutically acceptable derivatives 
are salts, solvates, esters and carbamates. More exemplary pharmaceutically acceptable 

25 aZ^r 3 f T eSterS ' EV6n m ° re eXemp,a ^ Pharmaceutical 
25 acceptable derivatives are salts and solvates. 

Suitable salts according to the invention may include those formed with both organic and 
inorganic acids and bases. Pharmaceutically acceptable acid addition salts include those 
formed from mineral acids such as: hydrochloric, hydrobromic, sulphuric, phosphoric 
30 acid; and organic acids such as: citric, tartaric, lactic, pyruvic, acetic, trifluoroacetic! 
succinic, oxalic, formic, tumeric, maleic, oxaloacetic, methanesulphonic, ethanesulphonic, 
p-to!uenesulphon,c, benzenesulphonic and isethionic acids. Exemplary pharmaceutically 
acceptable salts include those formed from hydrochloric, trifiuoroacetic and formic acids 
Thus, ,n one aspect of the invention pharmaceutically acceptable salts are formic acid 

•3D SallS. 



Those skilled in the art of organic chemistry will appreciate that many organic compounds 
can form complexes with solvents in which they are reacted or from which they are 
precipitated or crystallized. These complexes are known as "solvates" For example a 
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complex with water is known as a "hydrate". Solvates of the compound of formula (I) are 
within the scope of the invention. 

Salts and solvates of compounds of formula (I) which are suitable for use in medicine may 
5 be those wherein the counterion or associated solvent is pharmaceutical^ acceptable 
However, salts and solvates having non-pharmaceutically acceptable counterions or 
associated solvents are within the scope of the present invention, for example for use as 
intermediates in the preparation of other compounds of formula (I) ' and their 
pharmaceutical^ acceptable salts and solvates. 



15 



The compounds of formula (I) contain chiral (asymmetric) centres. The individual 
stereoisomers (enantiomers and diastereoisomers) and mixtures of these are within the 
scope of the present invention. In one aspect of the invention, the stereochemistry is (S) 
at the 3-position on the 2-oxopyrrolidine ring (as indicated by the symbol *). 

As used herein, the term "prodrug" means a compound which is converted within the 
body, e.g. by hydrolysis in the blood, into its active form that has medical effects 
Pharmaceutical^ acceptable prodrugs are described in T. Higuchi and V. Stella Prodruqs 
as Novel Delivery Systems, Vol. 14 of the A.C.S. Symposium Series, Edward B. Roche 
20 ed., Bioreversible Carriers in Drug Design, American Pharmaceutical Association and 
Pergamon Press, 1987, and in D. Fleisher, S. Ramon and H. Barbra "Improved oral drug 
delivery: solubility limitations overcome by the use of prodrugs", Advanced Drug Delivery 
Rev.ews (1996) 19(2) 115-130, each of which are incorporated herein by reference. 

25 Prodrugs are any covalently bonded carriers that release a compound of structure (I) in 
vivo when such prodrug is administered to a patient. Prodrugs are generally prepared by 
modifying functional groups in a way such that the modification is cleaved in vivo yielding 
the parent compound. Prodrugs may include, for example, compounds of this invention 
wherein hydroxyl or amine groups are bonded to any group that, when administered to a 

30 patient, cleaves to form the hydroxyl or amine groups. 

Esters may be active in their own right and/or be hydrolysable under in vivo conditions in 
the human body. Suitable pharmaceutical^ acceptable in vivo hydrolysable ester groups 
indude those which break down readily in the human body to leave the parent acid or its 
35 salt. An ester may be formed at a carboxylic acid (-COOH) group or a hydroxyl (-OH) 
group, by methods well known in the art involving reaction with the corresponding alcohol 
acid, acid chloride, anhydride, or amide. For example, esters may be C^alkyl esters e g' 
methyl esters, ethyl esters, and the like. ' 
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Exemplary compounds of the invention include: 

(£)-2-(5-Chloro-2-thienyl)-/V-(1-{4-[1.(dimethylamino)ethyl]-2-fluorophenylh2-oxo-3- 
pyrrolidinyl)ethenesulfonamide; 

(£3-2-(5-Chloro-2-thienyl)-/^ 
5 pyrrolidinyl)ethenesulfonamide; 

(E)-2-(5-Chloro-2-thienyl)-A/-[1-(2-fluoro-4-{1-[(2- 

hydroxyethyl)(methyl)amino]ethyl}phenyl)-2-oxo-3-pyrrolidinyl]ethenesulfonamide- 

(£)-A/-{1.[4-(1.Aminoethyl)-2-fluorophenyl]-2-oxo-3-pyrrolidiny^2-(5-chloro-2- 
thienyl)ethenesulfonamide; 

10 6-Chloro-A/.(H4-[1Kdimethylamino)ethyl]-2-fluorophenyl}-2H5xo-3-pyrrolidinyl)-l. 
benzothiophene-2-sulfonamide; 

(E)-2-(5-Chloro-2-thienyl)-A/-((3S)-H4-[(1S)-1-(dimethylamino)ethy^ 
oxo-3-pyrrolidinyl)ethenesulfonamide; 
6-Chloro-/V-((3SM-{4-[(1S)-1-(d^^ 
15 2-naphthalenesulfonamide; 
6-Chloro-/V-((3SM-{4-[^ 

1- benzothiophene-2-sulfonamide; 
^2^5-Chloro-2-thienyl)-/V-((^^^^ 

oxo-3-pyrrolidinyl)ethenesulfonamide; 
20 6-Chloro-N-((3SM-M(1K^^ 

2- naphthalenesulfonamide; 

6-ChIoro-A/K(3S>1.{4-[(1/?).1.(dimethylamino)ethyl]-2-fluorophe 

1- benzothiophene-2-sulfonamide; 

(£0-2-(5-Chloro-2-m^^ 
25 2-oxo-3-pyrrolidinyl)ethenesulfonamide; 

(^2-(5-Chloro-2-mienyl)-/V.((3S)-H4-[(1S).1.(dimethylamino)e^^ 

2- oxo-3-pyrrolidinyl)ethenesulfonamide; 
(E)-2-(5-Chloro-24^^^ 

pyrrolidinyl)ethenesulfonamide; 

30 (^-2-(5-Chloro-2-mienylW(3S)-H4-[1-(dimethylamino)-2-methyl^ 
fluorophenyl}-2-oxo-3-pyrrolidinyl)ethenesulfonamide; 
(£)-2-(5-Chloro-2-thienyl)^ 

oxo-3-pyrrolidinyl)ethenesulfonamide; 

6-Chloro-/V-(H4-[1.(dimemylamino^1-methylethyl]-2-fluoropheny^^ 
35 naphthalenesulfonamide; 
6-Chloro-^ 

benzothiophene-2-sulfonamide; y; 
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6-Chloro-/V-(1 -{4-[1 -(dimethylamino)ethyl]-2-fluorophenyl}-2-oxo-3-pyrrolidinyl)-2- 
naphthalenesulfonamide; 

6-Chloro-/V-(1-{4-[1-(ethylamino)ethyl]-2-fIuorophenyl}-2-oxo-3-pyrrolidinyl)-2- 
naphthalenesulfonamide; 

5 6-Chloro-/V-l1-(4K1-[ethyl(m^ 
naphthalenesulfonamide; 

6-Chloro-A/-[1-(2-fIuoro^1-[(1-methylethyl)amino]ethyl}phenyl)-2-oxo-3-pyrrolidinyl]-2^ 
naphthalenesulfonamide; 

6-Chloro-A/-[1-(2-fluoro-4-{1-[methyl(1-methylethyl)amino]ethyl}phenyl)-2-oxo-3- 
10 pyrrolidinyl]-2-naphthalenesulfonamide; 

A/-(l-{4-[1-(1-Azetidinyl)ethyl]-2-fluorophenyl}-2-oxo-3-pyrrolidinyl)-6-chloro-2- 
naphthalenesulfonamide; 

6-Chloro-A/-(1-{2-fluoro-4-[1-(1-pyrrolidinyl)ethyl]phen^2-oxo-3-pyrrolidinyl)-2- 
naphthalenesulfonamide; 

15 6-Chloro-/V-(H2-fluoro-4-[1-(1-piperidinyl)ethyl]pheny^2-oxo-3-pyrrolidinyl)-2- 
naphthalenesulfonamide; 

5'-Chloro-AM(3S)-1W1-(dimethyJam 
bithiophene-5-sulfonamide; 

(E)-2-(5-Chloro-2-thienyl)-N-((3S)-H4-[(1S)-1-(dimethylamino)ethyl]phenyl}-2-oxo-3- 
20 pyrrolidinyl)ethenesulfonamide; 

(E)-2-(5-Chloro-2-thienyl)-N-((3S)-H4-[(1R)-1-(dimethylamino)ethyl]pheny^2-oxo-3- 
pyrrolidinyl)ethenesulfonamide; 

6-Chloro-N-((3S)-H4-[(1S)-1.(dimethylamino)ethyl]phenyl}-2-oxo-3-pyrrolidinyl)-1- 
benzothiophene-2-sulfonamide; 

25 6-Chloro-N-((3S)-1-{4H(1R)-1-(dimethylamino)ethyl]phenylh2-oxo-3-pyrrolidinyl)-1- 
benzothiophene-2-sulfonamide; 

<1E)-2-(5-Chloro-2-thienyl)-N-(1-{^ 

pyrrolidinyl)-1-propene-1 -sulfonamide; and 

6-Chloro-N-(H4-[1-(dimethylamino)ethyl]-2,6-difluorophenyl}-2-oxo-3-pyrrolidinyl)-1- 
30 benzothiophene-2-sulfonamide. 

Compounds of the invention may show advantageous properties, they may be more 
efficacious, may show greater selectivity, may have fewer side effects, may have a longer 
duration of action, may be more bioavailable by the preferred route, or may have other 
35 more desirable properties than similar known compounds. 
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^ZZ rT- mU, ' a 0) " FaC,OT Xa lnhlbl,ors and as su * — "seful in the 
EST, t' n,Ca ' C ° ndi,i0ns SU50< ** ibte to amelioralion by administration of a Fe ctor Xa 
mhiMor. Su<* cond,bons may include acute vascular diseases such as acute comnarv 
5 syndromes (for example primary and secondary preventJon of myocardial WareZ and 
unstable angma and treatment of prothmmbotic sequalaa associated wi h my^mial 
nfarcbor, or heart failure), thromboembolism, acute vessel closure TLa^m 
ttrombolybc therapy and percutaneous tronsluminal coronary angioZT^T 
bans,ent .schemic attacks, pulmonary embolism, deep vein mromLs periphe 
10 oeduwn. prevention of vessel luminal narrowing (restenosis), and L prevent of 
atromboembolic events associated with atrial fibrillation, e.g. stroke^ Toro!^™ 
thrombosis and complications in patients genetically predisposeu to arterial Lmtn^ 
venous thrombosis and pabents tha, have a diseased Med plTsZto to 
thrombosis (e.g. type 2 diabetics); the treatment of pulmonary fibrosis the £ 

" PaT inflamma,,0n; alh ~>* neurogelreZ d^asTsT as 

Parson's and Alzheimer's diseases; Kasabach Merritt Syndrome; Haemolytic uremt 
syndrome; endothelial dysfunction; as anticoagulants for exbacoroorea^btod 7Z 
example. d,alys,s, blood filtration, bypass, and blood product storage; and in theCL Z 

Accordingly, one aspect of the present invention provides a compound of formula (I) 
and/or a pharmaceutical* acceptable derivative thereof for use in medical theZTfo 
example, for use in the amelioration of a clinical condition in a mamZ TnZL ° 
25 human, for which a Factor Xa inhibitor is indicated. 9 " 

In another aspect, the invention provides a method for the treatment and/or prophylaxis of 
a condrbon susceptible to amelioration by a Factor Xa inhibitor in a mammal "ncl Z a 

30 1 ' Tf, m6 *° d C ° mPriSeS admi * te ""9 <° 'ne subject an effecbve amoln 0 f a 
30 compound of formula (I) or a pharmaceutical* acceptable derivative (hereof. 

In another aspect, the present invention provides the use of a compound of formula (I) 
and/or a pharmaceutical* acceptable derivative thereof, for the manufacZ of a 

In one aspect of the invention, the condition susceptible to amelioration by a Factor Xa 
,nh,b,tor ,s selected from treatment of acute vascular diseases such as acute S L ' 
syndromes (for example primary and secondary prevention of myc^roia^roTZ 
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unstable angina and treatment of prothrombotic sequalae associated with myocardial 
infarction or heart failure), thromboembolism, acute vessel closure associated with 

Lr^' C « ^ PerCUtaneous coronary angioplasty, transient 

.schem.c attacks pulmonary embolism, deep vein thrombosis, peripheral arterial 
5 occlusion, prevention of vessel luminal narrowing (restenosis), and the prevention of 
thromboembolic events associated with atrial fibrillation, e.g. stroke. 

In another aspect, the condition susceptible to amelioration by a Factor Xa inhibitor is 
selected from acute coronary syndromes (for example primary and secondary prevention 
10 o myocardial infarction and unstable angina and treatment of prothrombotic sequa ae 
associated with myocardial infarction or heart failure), pulmonary embolism, deep vein 
thrombosis and the prevention of thromboembolic events associated with atrial fibrillation, 

15 It will be appreciated that reference to treatment includes acute treatment or prophylaxis 
as well as the alleviation of established symptoms. pnyiaxis 

While it is possible that, for use in therapy, a compound of the present invention may be 
administered as the raw chemical, the active ingredient may also be presented as a 
20 pharmaceutical formulation. H^emea as a 

In a further aspect the invention provides a pharmaceutical composition comprising at 
least one compound of formula (I) and/or a pharmaceutical^ acceptable derivative thereof 

25 LrieTlT ^ T 1 ^ Pharmaceutica,, y stable carrier and/or excipient. The 
25 came and/or excp.ent must be "acceptable" in the sense of being compatible with the 
other ingredients of the formulation and not deleterious to the recipient thereof. 

lrt?r ther T? " T, lnV6nti0n Pr ° VldeS 3 P harmace "«cal composition comprising, as 

30 ac ZLZTc \ It C ° mPOUnd ° f f ° rmUla <'> and/or a PharmaceuL.ly 

30 acceptable derivative thereof in association with a pharmaceutical^ acceptable carried 

sutri ' n th6raPy ' ^ f ° r 6Xamp,e in the treat ™<* of human or anima 

subjects suffering from a condition susceptible to amelioration by a Factor Xa inhibitor. 

35 I™,! ' ' S ; Urther pr ° vided b * the P resent 'mention a process of preparing a pharmaceutical 
35 composition, which process comprises mixing at .east one compound of formula (!) and/or 
a pharmaceutical^ acceptable derivative thereof, together with at least one 
pharmaceutically acceptable carrier and/or excipient. ~ 
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The compounds or use according to the present invention may be formulated for oral 
buccal, parenteral, topical, rectal or transdermal administration or in a form suitable for 
adm.n,stration by inhalation or insufflation (either through the mouth or the nose). 

5 For oral administration, the pharmaceutical compositions may take the form of for 
example tablets or capsules prepared by conventional means with pharmaceutical* 
acceptable extents such as binding agents (e.g. pregelatinised maize s aTch 
polyv.nylpyrrol.done or hydroxypropyl methylcellulose); fillers (ea lactose' 
microcrystalline cel.ulose or calcium hydrogen phosphate); lubricants (e.g magnesium 
10 stearate, talc or silica); disintegrants (e.g. potato starch or sodium starch g,ycoLt e ) or 

ZoZlnT^' g ; S °T ' aUryl , SU ' Phate) - tab,6tS may be COated ^ methods we.l 
known .n the art. Uqu.d preparations for oral administration may take the form of for 

example, solutions, syrups or suspensions or they may be presented as a dry product for 

constitution with water or other suitable vehicles before use. Such liquid preparations may 

15 be prepared by conventional means with pharmaceutical* acceptable additives such as 
suspending agents (e.g. sorbitol syrup, cel.ulose derivatives or hydrogenated edible fats); 
emulsrfyng agents (e.g. lecithin or acacia); non-aqueous vehicles (e.g. almond oil oily 
esters, ethyl alcohol or fractionated vegetable oils); and preservatives (e g 11. or 
propy..p-hydroxyben 2 oates or sorbic acid). The preparations may also contain buffe 

20 salts, flavouring, colouring and sweetening agents as appropriate. 

cZ^Z ^ administration ma V be suitably formulated to give 
controlled/extended release of the active compound. 

25 formu.^' adminiStra !! 0n ! he c ^P^«ons may take the form of tablets or lozenges 
formulated in a conventional manner. 

L h minTr t OUn K S aCC °: din9 t0 PreS6nt lnV6nti0n "** be formulat ^ for parenteral 
adm n.strat.on by .njection, e.g. by bo.us injection or continuous infusion. ForrmLions fo 

c^ZsZ* ^TT " dOSa9e f ° rm ' e g " ar ~ or - 
conta.nere, w.th an added preservative. The compositions may take such forms as 

suspenses, so.utions or emulsions in oily or aqueous vehicles, and may Itain 
fcnnutatay agents such as suspending, stabilising and/or dispersing agents. Alternative 
the active .ngred.ent may be in powder form for constitution with a suitable vehicle e g 
35 sterile pyrogen-free water, before use. ven.cie, e.g. 

The compounds according to the present invention may be formulated for topical 

adz;! 3 ? 0 " by i i 7 fflati ° n 3nd inha,ation - Exam P- of types of preparation for op L 
adm.n.strat.on mclude sprays and aerosols for use in an inhaler or insufflator. 
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Powders for external application may be formed with the aid of any suitable powder base 
for example, lactose, talc or starch. Spray compositions may be formulated as aqueous 
solutions or suspensions or as aerosols delivered from pressurised packs, such as 
5 metered dose inhalers, with the use of a suitable propellant. 

The compounds according to the present invention may also be formulated in rectal 
composes such as suppositories or retention enemas, e.g. containing conventional 
suppository bases such as cocoa butter or other glycerides "veniionai 

10 

In addition to the formulations described previously, the compounds may also be 

— f "V ^ P T Parati ° n - ^ ^ aCHng formu| a«°ns may be administered by 
implantation (for example subcutaneously, transcutaneously or intramuscularly) or Z 
intramuscular injection. Thus, for example, the compounds according to the present 
15 canton may be formulated with suitable polymeric or hydrophobic materials "o 

w T e T '° n ' n ^ 8CCePtable ° n) ° r IO " eXChan 9 e resins or a * sparingly 
soluble denvatives, for example, as a sparingly soluble salt. 

20 £T° Sed , d r ° f ^ C ° mpounds accordin 9 to th * P^sent invention for administration 
20 to a human (of approximately 70kg body weight) is 0.1mg to 1g, such as 1mg to 500mg of 
the active mgredient per unit dose, expressed as the weight of free base. The unit dose 
may be administered, for example, 1 to 4 times per day. It will be appreciated that it may 
be necessary to make routine variations to the dosage depending on the age and weTght 
of the patient as well as the severity of the condition to be treated. The dosage may also 

, Tl ° f adminiStratl0n - The dose and route of admirLZ 2 

ultimately be at the discretion of the attendant physician or veterinarian. 

Ia e nL 0mP Th UndS (0 ^ a,S ° b6 US6d combi ^tion with other therapeutic 

30 ZTnl P rovid ^ ^ a further aspect, a combination comprising at 

30 east one compound of formula (I) and/or a pharmaceutical^ acceptable derivative thereof 

together with one or more further therapeutic agent(s). °envat.ve thereof 

When a compound of formula (I) and/or a pharmaceutical* acceptable derivative thereof 

35 diHlTa T^ the dose of each compound may 

35 d.ffer from that when the compound is used alone. Appropriate doses will be readilv 
appreciated by those skilled in the art. it wi.l be appreciated that the amount a 
compound of the invention required for use in treatment will vary with the nature of the 
condition being treated and the age and the condition of the patient and will be ultimate," 
at the discretion of the attendant physician or veterinarian. The compounds of the present 
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invention may be used in combination with other antithrombotic drugs (such as thrombin 
inhibitors, thromboxane receptor antagonists, prostacyclin mimetics, phosphodiesterase 
inhibitors, fibrinogen antagonists, thrombolytic drugs such as tissue plasminogen activator 
and streptokinase, non-steroidal anti-inflammatory drugs such as aspirin, and the like) 
5 antihypertensive agents (such as angiotensin-converting enzyme inhibitors, angiotensin- i 
receptor antagonists, ACE / NEP inhibitors, ,3-blockers, calcium channel blockers PDE 

't^l al * osterone blockers )- anti-atherosclerotic / dyslipidaemic agents (such as 
HMG-CoA reductase inhibitors) and anti-arrhythmic agents. 

10 The combinations referred to above may conveniently be presented for use in the form of 
a pharmaceutical formulation and thus pharmaceutical formulations comprising a 
combination as defined above together with at least one pharmaceutical^ acceptable 
earner and/or excipient comprise a further aspect of the invention. The individual 
components of such combinations may be administered either sequentially or 

15 simultaneously in separate or combined pharmaceutical formulations by any convenient 

When administration is sequential, either the Factor Xa inhibitor or the second therapeutic 
agent may be administered first. When administration is simultaneous, the combination 
20 may be administered either in the same or different pharmaceutical composition. 

When combined in the same formulation it will be appreciated that the two compounds 
must be stable and compatible with each other and the other components of the 
formulation. When formulated separately they may be provided in any convenient 
25 formulation, conveniently in such manner as are known for such compounds in the art. 

The compounds of formula (I) and/or pharmaceutical^ acceptable derivatives thereof may 
be prepared by the processes described hereinafter, said processes constituting a further 
aspect of the invention. In the following description, the groups are as defined above for 
30 compounds of formula (I) unless otherwise stated. 

According to a further aspect of the present invention, there is provided a process (A) for 
prepanng compounds of formula (I) which comprises of reacting compounds of formula (II) 
or an acid addit.cn salt thereof with compounds of formula (III) where V is a suitable 

foZ, 9 a nn UP ' T t : S 3 ha ' ide ' e Ch ' 0ride - Wh6n the free base of a <™P°und of 
formula (II) ,s used, the react.on is conveniently carried out in the presence of a base e g 

pyndme and in a suitable solvent, e.g. acetonitrile (MeCN), suitably at 0°C to room 

temperature. When the acid addition salt of a compound of formula (II) is used the 

reaction ,s conveniently carried out in the presence of a base eg NN- 
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diisopropylethylamine (DIPEA), and in a suitable solvent, e.g. MeCN, suitably at 0° C to 
room temperature. ' 



/NH 2 



N 

X (") 
Y 



.R 1 
o o 



(III) 



If X-Y contains a group reactive to compounds of formula (III), such groups may be 
protected pnor to reaction of a compound of formula (II) with compounds of formula (III) 
using methods well known in the art and such protecting groups removed under standard 
cond.t,ons to prov.de compounds of formula (I) after completion of the reaction of 
10 compounds of formula (II) with compounds of formula (III). 

Compounds of formula (III) are known compounds or may be prepared by methods known 
in the literature or processes known to those skilled in the art. 

15 Compounds of formula (II) may be prepared from compounds of formu!a (IV) by removal 
of the protecting group P\ e.g. t-butyloxycarbonyl (Boc), under standard conditions For 

T^X T I rePreS6ntS B ° C ' rem ° Val ° f thS pr ° t6Cting 9 rou P «W b * emoted 
under acidic condifons, us.ng for example hydrogen chloride in a solvent such as dioxan 

or methanol, or trifluoroacetic acid (TFA) in a solvent such as dichloromethane (DCM) 




NHP 1 



(IV) 
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Compounds of formula (IV) may be prepared from compounds of formula (V): 




NHP 1 



CR^C^alkylL, 



5 where Li is a suitable leaving group such as halide, e.g. bromide, by reaction with 
HNR c R d , which can be used in excess, optionally in the presence of sodium iodide, in a 
suitable solvent, e.g. tetrahydrofuran (THF) or ethylene glycol dimethylether, suitably at 
room temperature to 60°C. 

10 Compounds of formula HNR c R d are known compounds or may be prepared by methods 
known in the literature or processes known to those skilled in the art. 

Compounds of formula (V) may be prepared from compounds of formula (VI): 



by halogenation methods well known to persons skilled in the art. For example, when L, is 
bromide, bromination may be effected with carbon tetrabromide, in a suitable solvent, e.g. 
DCM, in the presence of a phosphine, e.g. triphenylphosphine, suitably at 0°C to room 
20 temperature. 




NHP 1 



15 



i (VI > 
CR^C^alkylOH 



Compounds of formula (VI), where CR x R 2 C 0 . 2 alkylOH represents CR x HOH, 
prepared from compounds of formula (VII): 
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NHP 1 



(VII) 



by reduction under standard conditions, e.g. by treatment with a nucleophilic hydride 
source, e.g. sodium borohydride, in a suitable solvent, e.g. methanol, suitably at 0»C to 
5 room temperature. 

Alternatively, compounds of formula (VI), where CR x R*C 0 . 2 alkylOH represents CR x HOH 
may also be prepared from compounds of formula (Vila): 



NHP 1 



N 

^ (Vila) 



10 CHO 



by treatment with an organometallic alkyl compound, e.g. an alkyl magnesium chloride in 
a suitable solvent, e.g. THF, suitably at 0°C to room temperature, e.g. 0-10°C. 



15 Compounds of formula (VII) may be prepared from compounds of formula 



(VIII): 



NHP 1 



N 
I 

f (VIII) 

L2 



where L 2 is a suitable leaving group such as halide, e.g. iodide, by reaction with a suitable 
20 vinyl ether, e.g. n-butyl vinyl ether, in the presence of a base, e.g. sodium carbonate in a 
surtable solvent, e.g. N,N-dimethylformamide (DMF), in the presence of a metal catalyst 
e.g. palladium(ll) acetate, and a suitable ligand, e.g. I.S-bis^iphenylphosphinoJpropane' 
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suitably at elevated temperature (e.g. 60-110-0) and suitably under an inert atmoBDhan* 
e.g. nitrogen; fC.owed by hydrolysis with an appropriate aqueous a " .7£S£ 
form,c acd, .n a suitable solvent, e.g. MeCN, suitably at room temperature^* 

5 Compounds of formula (Vila) may be prepared from compounds of formula (VIII) where L 
■s a su.tab.e leavmg group such as halide, e.g. iodide, by reaction with carbon mtoxide 
gas, ,n the presence of a base, e.g. triethylamine, optionally in the presence of a ZZ£ 
reductant e.g. triethylsilane, in a suitable solvent e o DMF in tL ! 
catalyst, e.g. panadium(.l) acetate, and a s2e li an d e ' 1 blsfZ^, k * T* 
10 ferrocene, suitably at elevated temperature (e.g 60 -Wcf • b,S(d ' phen y , P hos P hino ) 

Vinyl ethers are known compounds or may be prepared by methods known in the 
literature or processes known to those skilled in the art. 

15 Compounds of formula (VIII) may be prepared from compounds of formula (IX): 




(IX) 



e.g. i nr, suitably at 0 - C to room temperature. 

25 It will be appreciated by persons skilled in the art that compounds of formula (IX) mav h» 
prepared by Inlerconversion, utilising other compounds of foZZ^X) !^^ 
opuonally protected by standard protecting graups, as rJv^Z, pLT? 
compound, , of formuia (IX, where L 3 - OH. mayL converted E££uE SZl 
(IX possessing alternative substituents at L,. e.g. halogen, S*MeR W or OSO TZ 

30 me(hods well known in the art (see for example Smith M R JZZL \ . f? ' * 
O^anic Chemisuy. 5« Edition 2001, John w2& SoT)' £L£ « u ' ' 
or araiky, and W w,,, represent sulphate TT^ J ST£ £T ITEt! 
closure may be perfonned by treatment with a base in a suitable so veTe.g m^N ™" 
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Compounds of formula (IX), where L 3 is a hydroxyl group, may be prepared by reacting 
compounds of formula (X) with compounds of formula (XI): 



H 



(X) 



NH 2 



f (XI) 

5 

wherein P 1 is a suitable protecting group as described above. The reaction is conveniently 
earned out by addition of a suitable activating agent, e.g. trimethyia.uminium to 
compounds of formula (XI) in a suitable solvent, e.g. DCM, under an inert atmosphere 
10 *g nitrogen, suitably at room temperature followed by addition of a compound of formula 
(X) in a compatible solvent, e.g. DCM. 

^r„ r ^ l i fo r la (xi) are known compounds ° r may be ""v*"* * ™«<ods 

known in the literature or processes known to those skilled in the art. 

f^uT™,"' I 01 ™!^ are known in ,he art " "e prepared from compounds of 
fonnula (XH) where HA ,s a suitable add, e.g. hydrochloric add. using methods well 
known to ttose skilled In the art. See, for example, "Protective groups in oraa* 
syntheas" by T.W. Greene and P.G.M. Wuts (John Wiley & sons 18*1) or "PnSa 
20 Groups" by P.J. Kocienski (Georg Thieme Verteg 1 994) Protecting 



NH,.HA 

(XII) 



Compounds of formula (XII) are known compounds or may be prepared by methods 
25 known .n the literature or processes known to those skilled in the art 
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There is provided a further process (B) for preparing compounds of formula (I) Accordino 
to process (B), compounds of formu.a (,) may be prepared from compounds 




HNR^Jhi c r ca !t te ^h" 9 9r ° UP * SUCh 33 ha,id6 ' •* ^ reaction with 

R • whlcn can be used in excess, in a suitable solvent eo thf «,,i*ok. 7 
temperature to 60°C. solvent, e.g. THF, suitably at room 

10 

Alternatively, compounds of formula (I) wher*» r c an n d<j • 

hydrogen may be prepared from compounds of folula WD TZF* • 

: b tr: so,vent ' eg dmf - °^«^*z::c:T2 

Ccmpounds of formula (XII.) may be prepared from compcunds of formula (XIV): 




NH — SO,R 1 



X 



f (XIV) 
CR^C^alkylOH 



by halogenation methods well known to Derson«? «5kiii*ri in rr 

.Zerafure ' 06 °' 3 Ph0SPWne ' «*^osphine. suitably a, 0-C to Z 

Compounds of formula (XIV), where CRWCo^lkylOH represents CR"HOH ™„ h 
prepared from compounds of foiroula (XV): represents CR HOH, may be 
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N o 

f . 

C(=0)R x 



NHS0 2 R 1 



(XV) 



by reduction under standard conditions, e.g. by treatment with a nucleophilic hydride 
5 source, e.g. sodium borohydride, in a suitable solvent, e.g. methanol, suitably at 0°C to 
room temperature. 

Compounds of formula (XV) may be prepared by reaction of compounds of formula (XVI) 
where HA is a suitable acid, e.g. hydrochloric acid: 



10 



f 

C(=0)R x 



NH 2 .HA 



(XVI) 



with compounds of formula (III), where V is a suitable leaving group, such as a halide, e.g 
chlor.de. The reaction is conveniently earned out in the presence of a base, e.g DIPEA 
15 and in a suitable solvent, e.g. MeCN, suitably at room temperature. 

Compounds of formula (XVI) may be prepared from compounds of formula (VII) by 
removal of the protecting group P\ e.g. Boc, under standard conditions. For example 

20 IndL T BOC ' T° Val ° f ^ Pr ° teCting 9rOUp may be effected un ^er acidic 
20 conditions, using for example hydrogen chloride in a solvent such as dioxan. 

There is provided a further process (C) for preparing compounds of formula (I) where R 2 is 
a substituent other than hydrogen, which comprises reacting compounds of formula (I) 
where R is hydrogen with compounds of formula (XVII): 



R 2 — T 



(XVII) 
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wherein R is -Chalky), -C, 3 alkylCONR°R», -C^alkylCOaCMalkyl or -C0 2 C M alkyl and T 
,s a suitable leaving group such as that derived from a hydroxy! group or haTde e a 
bromide, optionally followed by removal of the alky, protecting group t BuM undt 
standard conditions to form a compound wherein R* is C^alkylCO.H When T haHde 
5 the reaction is effected in a suitable organic solvent eq THF or DMF in thT ' ; 

carbonate at a temperature range from -78»C to +50-C suitablv 7fl«r J !! 
^P-ture. Furmennore, ,, wii. appreciated that me subsWuent^r «roZ 
may be introduced at various intermediate stages by methods well kn™ m ." 2 
.0 in the art. When T is a hydroxy, group, me reaction I enS uC^^ ~n 
£r exampies see Hughes, David L. Progress in the Mitsunobu laXn A revZ 
Orgarac Preparations and Procedures International (1 9 96) 28(2) I27J4TL «JTT 
the reacts may be performed by freatmen, „, LpotrS * ^ * 
represents H with an aiyl or alky, phosphine, e.g. trlphenylphosphine, options I lyTound to 

a su,table solvent, e. g . THF, followed by addition of compounds of formula (WlnThere T 
represents OH. opUonaliy in a suitabie sorven,, e.g. THF.su»ab,y a. Z Xelllre 

When X-Y contains a group reactive to compounds of formula fXVlh «, ,rh „r«. 
20 protected prior to the reaction using methods we,, knoT 

groups removed under standard conditions to provide compounds of formuTa ^(0 where R* 
is a substituent other than hydrogen after completion of the reaction of rr^T ? , 
formula (I) where R* is hydrogen with compounds of fornil ^ ^ ° f 

25 Compounds of formula (XVII) are known compounds or may be prepared bv mothnH* 
known in the literature or processes known to those skilled in the art * 

Xc«27\ lt aPP ; eCiat6d that the SUbstitUent R2 > other «™ hydrogen may be 
^ introduced at various intermediate stages by methods we,, known to thosesknied in the 

Compounds of formula (I) where R° and/or R< are hydrogen may be converted to other 
compounds of formula (I) by processes known to those skilled in L Z T? . 
where R c nd/or Rd are {Q fay ^T^Z%tZ^Xe 

35 react.on is conveniently carried out using a suitable aldehyde, in Z onsZeTa 
reducing agent, e.g. sodium triacetoxyborohydride or sodium to I 

suitable solvent, e.g. MeCN, suitably at room temperature ^^ohydnde, ,n a 
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10 



™£S^"«S"I£?", m "* ->~* ««■— m v 



in a 



suitable solvent, e.g. THF, suitably at 0°C to room temperature." 

According to a further process (E) compounds of formula (VI) where C^a.kyl represents 
C^alkyl may be prepared from compounds of formula (XVIII) represents 



NHP 1 




(XVIII) 
CR^C^alkylOP 3 



sTnLn ^ MrOXyl PrOteC0n9 9rOUp ' b * removal * *e protecting group under 
standard cond.t.ons usmg methods well known to those skilled in the art See fo 
15 example, "Protective groups in organic synthesis" by T.W. Greene and P G M Wut (John 
Wrtey & sons 1991) or "Protecting Groups" by P.J. Kocienski (Georg ^ieme Jeriag 



Compounds of formula (XVII.) may be prepared from compounds of formula (XIX)- 

X NHP 1 



W HN' 

i (XIX) 

20 CR R z C 1 . 2 alkylOP 3 



25 



by cyclisation where L 3 represents a suitable leaving group For examote wh*n . • 
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It will be appreciated by persons skilled in the art that compounds of formula (XIX) may be 
prepared by intercon version, utilising other compounds of formula (XIX) which are 
optionally protected by standard protecting groups, as precursors. For instance 
compounds of formula (XIX) where L. is OH, may be converted into compounds of 
5 formula (XIX) possessing alternative substituents at L 3 , e.g. halogen, S + MeR W" or 
OS0 2 R, by methods well known in the art (see for example Smith, M.B. and March J 
Advanced Organic Chemistry, 5 th Edition 2001, John Wiley & Sons). Generally Rwill 
represent alkyl or aralkyl and W will represent sulphate or halide, especially iodide In 
such cases the ring closure may be performed by treatment with a base in a suitable 
10 solvent, e.g. MeCN. 

Compounds of formula (XIX), where L 3 is a hydroxyl group, may be prepared by reacting 
compounds of formula (XX) with compounds of formula (X): 

NH 2 

i (XX) 
15 CR^C^alkylOP 3 




(X) 

20 wherein P 1 is a suitable protecting group as described above. The reaction 
conveniently carried out by addition of a suitable activating agent, e.g. trimethylaluminium 
to compounds of formula (XX) in a suitable solvent, e.g. DCM, under an inert atmosphere' 
e.g. nitrogen, suitably at room temperature followed by addition of compounds of formula 
(X) in a compatible solvent, e.g. DCM. 



is 



25 



Compounds of formula (XX) may be prepared by methods known in the art, e g from 
compounds of formula (XXI): 



2 (XXI) 



NO 

? 

CR x R*C,. 2 alkylOP 3 
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by hydrogenation in the presence of a suitable catalyst, e.g. 10% palladium on carbon in 
Lpe^re * ethan °'' "*» rt ~ and ^ 

5 Compounds of formula (XXI), where P* | s a suitable protecting group, may be prepared 
from compounds of formula (XXII): y P re P ared 

N0 2 

^ (XXII) 
CR^C^alkylCO^ 4 

10 where P< represents hydrogen or an alkyl or aralky. group by reduction processes well- 
known tc those skilled in the art. For example, when P< represents a hydrogen 
compounds of formu.a (XXI) may be prepared by reduction with a hydride source e q ' 
d.borane, in a suitable solvent, e.g. THF, suitably at 0°C to room temperature followed by 
protection with a suitable P* protecting group using methodclogies wel. known to those 

15 skilled ,n the art. See, for example, "Protective groups in organic synthesis" by TW 
Greene and P.G.M. Wuts (John Wiley & sons 1991) or "Protecting Groups" by Pj' 
Kocienski (Georg Thieme Verlag 1994). " * 

Compounds of formula (XXII), where C 0 . ia lkyl represents C ia ikyl, may be prepared from 



N0 2 



X (XXIII) 
CR x R z C0 2 P 4 

25 For example, compounds of formula (XXII) where Chalky! represents Cl alkyl, and P« is a 
hydrogen, may be prepared from compounds of formula (XXIII), where P< is a hydrogen 
v.a the Arndt-Eistert synthesis. For example, compounds of formula (XXII) where Clalkyl' 
represents C^yl, and P< is a hydrogen, may be prepared frcm compounds of foinuTa 
(XXIH), where P ,s a hydrcgen, by activation to an acid halide, e.g., acid chloride, using 

30 standard methcdologies, fo.lowed by reaction with diazomethane in a suitable solvent 
e.g. d,ethyl ether, suitably at 0»C to room temperature, followed by Wolff rearrangemeni 
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with a silver salt, e.g. silver oxide, and water, optionally in the presence of a base, e.g 
triethylamine, in a suitable solvent. 

Compound of formula (XXIII), where P 4 is a suitable carboxylic acid protecting group mav 
5 be prepared from compounds of formula (XXIV): 



N0 2 

' (XXIV) 
I 

CHXCLP 4 



10 by alkylation chemistries well known in the art (see for example Smith, M.B. and March 
J., Advanced Organic Chemistry, 5 ,h Edition 2001 , John Wiley & Sons). 

Compounds of formula (XXIV) are known compounds or may be prepared by methods 
known in the literature or processes known to those skilled in the art. 



15 



There is provided a further process (F) for preparing compounds of formula (I) where X 
represents phenyl, Y represents-CH^NR'R* and R° and R d each represent the same 
C^alkyl substituent. According to process (F), a compound of formula (I) may be 
prepared by reacting a compound of formula (XXV) where R° represents 0-2 optional 
20 substituents on the phenyl ring selected from: halogen, -C^alkyl, -C^alkenyl, -CN t -CF 3 
-NR a R b , -Co.alky«OR«, -C(0)R< and C(0)NR°R> and/or an acid addition salt thereof 




(XXV) 



NR c R d 



25 with a compound of formula (III) where V is a suitable leaving group, such as a halide, for 
example chloride. The reaction is conveniently carried out in the presence of a base e g 
DIPEA, and in a suitable solvent, e.g. MeCN, suitably at 0°C to room temperature 
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5 



A compound of formula (XXV) may be prepared from a compound of formula (XXVI) by 
removal of the protecting group P\ e.g. Boc, under standard conditions. For example 
where P represents Boc, removal of the protecting group may be effected under ackiic 
cond.t.ons using for example, hydrogen chloride in a solvent such as dioxan 



NHP 1 




(XXVI) 



FT^i NR R' 



A compound of formula (XXVI) may be prepared from compounds of formula (XXVII): 



10 

,NHP 1 




(XXVII) 



NR R 



TZl 1 Vkm Pr ° teCt,ng 9rOUP 38 deSCribed above « ^ c y cli ^tion where L 3 
represents a su.table leavng group, e.g. hydroxyl. For example, when L 3 is a hydroxy 
15 group, the nng closure may be performed by treatment with a mixture of (i) aryl or alkyl 
phosphine, e.g. tri-n-butylphosphine, and (ii) a suitable azodicarboxylate derivative eq 
1.1 -(azodicarbonyl)-dipiperidine, in a suitable solvent, e.g. THF, suitably at 0»C to room 
temperature. 

20 A compound of formula (XXVII), where L3 is a hydroxyl group may be prepared by 
reacting a compound of formula (XXVIII) with a compound of formula (X): 
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(XXVIII) 



NR°R d 



tnlnTf n -' S COn r ,ently CmW ° Ut by addition of a suit ^le activating agent eg 
nmethylalum.n.um, to a compound of formula (XXVII.) in a suitable solvent e g DCM 

Z «HHr atmOSphere " e " 9 - nitr °9 en > suital >ly at room temperature to 40°C, tllowed 
by add.t.on of a compound of formula (X) in a compatible solvent, e.g. DCM. 

A compound of formula (XXVIII) may be prepared from a compound of formula (XXIX): 



NHP 5 




(XXIX) 



10 R *1 NR R 

where P= represents a suitable protecting group where appropriate, by removal of the 
protecting group P* e.g. Boc, where present, under standard conditions. I^or e^mpTe 
where P* represents Boc, removal of the protecting group may be effected undeT 2c 
cond. tl on S , us,ng for example, hydrogen chloride in a solvent such as dioxan. 

A»n,pou„d of formula (XXIX) may be prepared by reaotion of a oompound of formula 




with a compound of formula (XXXI): 
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Co. 5 alkyk 

l) 



(XXXI) 



5 where P represents a protecting group or hydrogen where appropriate, by reductive 
alkylation. For example, where R c and R d each represents methyl the reaction is suitably 
earned out in the presence of an acid, e.g. HC0 2 H and formaldehyde, suitably at elevated 
temperature, e.g. 50-70°C. Where R° and R d each represent C 2 « alky] the reaction is 
conveniently carried out in the presence of a reducing agent, e.g. sodium 
10 tnacetoxyborohydride or sodium cyanoborohydride, in a suitable solvent, e.g. MeCN 
suitably at room temperature. 



15 



Compounds of formula (XXXI) are known compounds or may be prepared by methods 
known in the literature or processes known to those skilled in the art. 

Compounds of formula (XXX) may be prepared from compounds of formula (XXXII): 



NHP 5 




(XXXII) 



20 where R* represents a chiral auxiliary, for example (R)-l-phenylethyl or (S)-l-phenylethyl 
by transfer hydrogenation in the presence of a suitable catalyst, e.g. Pd(C) and 
ammon.um formate, in a suitable solvent, e.g. methanol or ethanol, suitably at elevated 
temperature, e.g. 50-70°C. Alternatively, compounds of formula (XXX) may be prepared 
from a compounds of formula (XXXII), where R* represents a chiral auxiliary, for example 

25 (R)-l-phenylethyl or (S)-l-phenylethyl, by catalytic hydrogenation in the presence of a 
surtable catalyst, e.g. Pd(C), in a suitable solvent, e.g. ethyl acetate, suitably at elevated 
temperature, e.g. 50-70°C, suitably at elevated pressure, e.g. 2-4atm. 

Where the chiral auxiliary is (R)-1-phenylethyl or (S)-l-phenylethyl, a compound of 
30 formula (XXXII) may be prepared by reacting a compound of formula (XXXIII) with a 
compound of formula (XXXIV): 
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(XXXIII) 




(XXXIV) 



5 in the presence of a Lewis acid and dehydrating agent, e.g. titanium tetrachloride (TiCU) 
and a suitable solvent, e.g. toluene, followed by reduction under standard conditions e q 
by treatment with a nucleophilic hydride source, e.g. sodium borohydride, in a suiiable 
solvent, e.g. methanol, suitably at 0°C to room temperature. 

10 Compounds of fomnula (XXXIII) are known compounds or may be prepared by methods 
known in the literature or processes known to those skilled in the art. 

Compounds of formula (XXXIV) are commercially available or may be prepared by 
processes known to those skilled in the art. 



15 



It will be understood by persons skilled in the art that use of the alternative 
diastereoisomer at (*2) in a compound of formula (XXXIV) will result in a compound of 
formula (I) of the alternative stereochemistry at (*1). 

20 There is provided a further process (G) for preparing compounds of formula (I) where 
where Y represents -C(R*)(R W R<i and R* and R* both represent Chalky! and R* 
represents hydrogen. According to process (G) compounds of formula (I) may be 
prepared from compounds of formula (XXXV): 
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(XXXV) 



C(R x )(R 2 )OH 



in a 



by treatment with hydrogen chloride in the presence of zinc chloride in a suitable 
e.g. DCM, suitably at 0-10°C, followed by reaction with HNfW e a dim«^ , * 
5 suitable solvent, e.g. THF, suitably at elevated tempelre e.g. slVc " *' 

Compounds of formula (XXXV) may be prepared from compounds of formula (XXXVI): 



10 




(XXXVI) 



by treatment with a Lewis Acid, e.g. TiCI 4 , and a nucleophillic alkyl source e a dim^i 
z,nc .n a suitable soivent, e.g. diethyl ether, suitably below room Lpe 2e e Twc 
15 tc i -78-C. or by treatment with an organometa.lic alky, compound Z^llf 
chloride, in a suitable solvent, e.g. THF, suitably at OX to 

Compounds of formula (XXXVI) may be prepared from compounds of formula (XXXVII): 




(XXXVII) 



20 C(=Q)R 
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by reacting compounds of formula (XXXVI) with compounds of formula (III) where V is a 
suitable leaving group, such as a halide, e.g. chloride. The reaction is conveniently 
carried out ,n the presence of a base, e.g. pyridine, and in a suitable solvent, e g MeCN 
suitably at 0°C to room temperature. 9 ' ' 

5 

Compounds of formula (XXXVII) may be prepared from compounds of formu.a (VII) by 
removal of the protecting group P\ e.g. Boc, under standard conditions. For example 
where P< represents Boc, removal of the protecting group may be effected under acMc* 
conditions, using for example hydrogen chloride In a solvent such as dioxan. 

There is provided a further process (H) for preparing compounds of formula (I) where Y 
represents -C(R W R-, R* represents Chalky, and R° and * independently represent 
hydrogen, C^a.kyl, or together with the N atom to which they are bonded form a 4 5- 6- 
or 7- membered I non-aromatic heterocyclic ring. According to process (H), compounds of 
15 formula (I) may be prepared from compounds of formula (XXXVIIII): 




(XXXVIIQ 



20 HNr'r' which LTh? 'T 9 SUCh " ha " de ' br ° mide - b * reac «°n with 

" 0°C ' m eXC6SS ' ,n 3 SUitab,S SO,V6nt » e - 9 ' THF ' suitab| y at " 10 to 

Compounds of formula HNR°R d are known compounds or may be prepared by methods 
known in the literature or processes known to those skilled in the art 

Compounds of formula (XXXVIII) may be prepared from compounds of formula (XXXIX): 
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if r 
A 

(XXXIX) 



¥ x 

CH(R x )OH 



by halogenation methods well known to persons skilled in the art. For example when U 
.s bronmde, bromination may be effected with N-bromosuccinimide (NBS) in a suitable 
f JZ'^ 9 ' DCM ' in Pr6SenCe ° f 8 Ph ° Sphine e - g ' "P**"* Phosphine, suitably at -10 

lO +T0 Cm 

Compounds of formula (XXXIX) may be prepared from compounds of formula (XL): 

*' //W 

° ° (XL) 




10 C(=0)R x 



by reduction under standard conditions, e.g. by treatment with a nucleophilic hydride 
source e.g. sodium borohydride, in a suitable solvent, e.g. methanol, suitably at 0°C to 
room temperature. 

15 

Compounds of formula (XL) may be prepared by reaction of compounds of formula (XLI): 

cC. 



,NH 2 



X 

C(=0)R x 



WO 2004/110997 



38 



PCT/EP2004/006604 



wrth a compound of formula (III) where V is a suitable leaving group, such as a halide, for 
example chlor.de. The reaction is conveniently carried out in the presence of a base e q 
pyridine, and in a suitable solvent, e.g. MeCN, suitably at 0°C to room temperature. ' 

5 Compounds of formula (XLI) may be prepared by reaction of compounds of formula (XLH) 

fj!H 2 

X (XLII) 
C(=0)R x 

with compounds of formula (XLIII): 



10 



L 8 




(XLIII) 



L 7 



TZL " I S f Vin9 9r ° UP ' e - 9 - Ch '° ride ' and L ' and L- are suitable leaving 

15 rn t !;' n 3 SUitab ' e S °' Vent ' e - 9 - MeCN ' in the P resence * « base, e.g 

15 K 2 C03, su.tab y at -10 to + 10°C, followed by reaction with aqueous ammonia suitably at 
room temperature to 40°C. y 



20 



Compounds of formula (XLII) and (XLIII) are known compounds or may be prepared by 
methods known in the literature or processes known to those skilled in the art. 

It will be appreciated by those skilled in the art that compounds of formula (I) or a solvate 
thereof may be synthesized from appropriate intermediates via solid phase chemistry 
procsssGs. 

25 I„ h Z f ,' ed , T art . W "' aPPre0ia,e ** P™^ 80 " <* impounds of formula (I) 

IZ1 r * ^ be " eCeSSa,y and/or desirabte to «• or mo o 

sensrtrve groups ,n the molecule or the appropriate intermediate to prevent undesirable 
side reactions Suitable protecting groups for use according to the prosent invenuTaro 
30 e^Tp !T SW " ed " "* ^ 08 USed in a -nventiona, manner. See, Z 

Zv * ' T^rT " 0rBanlC Syn,hesls " b * T W - Gre <™ ««■ P G M- Wuts (John 

S eTJ ' °, r r rote ° 0ng GroUPS " by P J - K ° denSki < Ge °* ™ e ™ Verlag 
1994) Examples of su,table ammo protecting groups include acyl type protecting groups 

(e.g. formyl trifluoroacetyl, acetyl), aromatic urothane type protecting groups (e g 

benzyloxycarbonyl (Cbz) and substituted Cbz). aliphatic urethane protecting groups eg 
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9-fluoreny methoxycarbonyl (Fmoc), t-butyloxycarbony, (Boo), isopropytoxycarbonyl 
c^dohoxy oxyoarbonyl) and alky, or aralky. type protecting groups (e.g benzyl, ,Xl 
chtorotntyl). Examples of suitable hydroxy, protecting groups may ^ for ^ a ^ 
alky, srtyl groups, such as trimathylsilyl or tert-butyldimethylsilyl; alkyl ethers such as 
5 tetrahydropyrany. or tert-butyt or esters such as acetate. Examples of can^edd 

eTtd 9r0UPS ' n0,Ude '° r eXamP ' e flr ° UpS ' «* -'M groups, 

to ta»° US . in, T edlate COmpounds ^ ln ,he aboveHhentioned process, including but not 
to lim,ted to certain compounds of formulae (II), (IV), (V). (VI), (VII), (Vila) (Villi (IXI nam 

xiv), (xv), (xvi), (xviii), (x,x), (xx), (xxi), (XXI,) <xx id, (xxv, wSVSm 
(XXV..,, ,xx,x), (xxx), (XXX,,,. (xxxv), 1 (xxxvi, anT \xSvJ 

constitute a further aspect of the present Invention. J 

15 2lZT?l inV6n ? n T T ^ fU,1her " IUStrated by the ac ^Panying examples which 
should not be construed as limiting the scope of the invention in any way 

IZZT 0 ™' in . C ' Uding ^ Hmited t0 P3tents and P atent a PP«oations, cited in this 
spec flea ,on are here.n incorporated by reference as if each individual publication were 

I SST* " y ''"'^ t0 ^ inCOrP ° rated by reference herein as tholh 
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Examples 

Abbreviations 



THF Tetrahydrofuran 

5 MeCN Acetonitrile 

DCM Dichloromethane 

DMF N, /V-dimethylf ormamide 

DIPEA W,/V-diisopropyIethylamine 

Boc t-butyloxycarbonyi 

10 b broad 

d doublet 

dd doublet of doublets 

m multiplet 

q quartet 

15 s singlet 

t triplet 

min minutes 

h hours 



20 Intermediate 1 




1 t 1-Pimethylethyl ((1 SH 4rf2- fluoro-4-iodophenvnaminoTcarbonvlV3-hvdroxvDroDvl)- 

carbamate 

A solution of 2-fluoro-4-iodoaniline (7.1 1g) in anhydrous DCM (40ml) under nitrogen at 
25 0°C was treated dropwise with trimethylaluminium (2N in heptane; 15ml). The mixture was 
allowed to stir for 30min before a solution of 1,1-dimethylethyl [(3S)-2-oxotetrahydro-3- 
furanyl]carbamate (5.03g), in anhydrous DCM (35ml), was added dropwise. The reaction 
was allowed to warm up to ambient temperature and stirred for 18h, before quenching 
with 10% aqueous citric acid (10ml). Saturated aqueous potassium sodium tartrate 
30 (100ml) was then added with stirring followed by separation of the organic and aqueous 
layers. The organic layer was dried (over magnesium sulphate) and concentrated under 
reduced pressure. The residue was purified using Biotage™ chromatography (silica, 
eluting with cyclohexane:ethyl acetate 3:2) to afford an off-white solid which was an 
inseparable mixture (c. 1:2) of the starting material and the title compound (5.55g). 
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Mass spectrum: Found: MhT 439 



Intermediate 2 

p? :> Y 

5 1.1-Di™ethvlethyirf3S^ 

To a solution of crude Intermediate 1 (5.55g) and tri-n-butylphosphine (3.49ml) in 
anhydrous THF (100ml) under nitrogen at 0°C was added solid 1,r-(a 2 odicarbonyl)- 
d.pi P eridine (3.53g). The solution was allowed to warm to ambient temperature and stirred 
for 18h. The mixture was then diluted with cyclohexane (100ml) and the precipitate filtered 
10 off. The filtrate was then concentrated under reduced pressure and the residue purified 
us.ng Biotage chromatography (silica, eluting with cyclohexane:ethyl acetate 2-1) to give 
the title compound (2.93g) as a white solid. 
Mass spectrum: Found: MH + 421 

15 Intermediate 3 




1,1-Pimethylethyl ri-(4-aceM-?-fluoronh»^ ^ 

A degassed solution of Intermediate 2 (1.05g) in dry DMF (20ml) was treated sequentially 
w.th sodium carbonate (0.42g), triethylamine (0.67ml), n-butyl vinyl ether (1.62ml) 1 3- 

20 b.s(diphenylphosphino)propane (0.124g) and palladium(ll) acetate (0.034g). The mixture 
was heated to 80°C under nitrogen for 7h, allowing to cool and stirred overnight. Solvent 
was removed under reduced pressure and the crude residue treated with 0.1 % formic 
acid: water (10ml) and MeCN (10ml). The mixture was stirred at ambient temperature for 
4h before concentrating under reduced pressure. The residue was dissolved in minimum 

25 DCM and purified using pre-conditioned silica SPE (20g/60cc) eluting with cyclohexane- 
ethyl acetate (5:1 to neat ethyl acetate) to give the title comnnunH ( 0 .362g) as a yellow 
powder. 

Mass spectrum: Found: MH + 337 



WO 2004/110997 



PCT/EP2004/006604 



42 



Intermediate 4 

1J-Dimethvleth^ Q r vrrc.idinv^^^ 

Intermediate 3 (1 10mg) in dry methanol (4ml) was treated with sodium borohydride 
5 (0.012g) and the mixture stirred at ambient temperature for 18h under nitrogen The 
reaction was quenched with 3 drops of water and concentrated under reduced pressure 
partitioning the residue between DCM and water. The separated organic layer was ' 
passed through a hydrophobic frit and concentrated under reduced pressure to give the 
title compound (0.1 03g) as a cream solid. 
10 Mass spectrum: Found: MH + 339 
H.p.l.c. R,2.61min 



Intermediate R 




15 1 . 1 -D'"eth Y leth Y .{1^ 

ntermediate 4 (0.103g) in dry DCM (6ml) at 0°C was treated with carbon tetrabromide 
(0.119g) and stirred for 3min. To the mixture was added triphenylphosphine (0.094g) in 
port,ons and the reaction stirred at 0°C for 1.5h before more carbon tetrabromide (0 119g) 
and triphenylphosphine (0.094g) were added. The reaction was warmed up to ambient 

20 temperature and stirred overnight under nitrogen. The mixture was diluted with DCM and 
washed with water. The separated organic layer was passed through a hydrophobic frit 
and concentrated under reduced pressure, to a small volume, and purified using pre- 
conditioned silica SPE (5g/20cc) eluting with cyclohexane: ethyl acetate (41 to 21) to 
give the title compound (n n?R 0 ) ao a ^ nm cotid 

25 Mass spectrum: Found: MH + 403 



Intermediate fi 



1,1-Dimethylethvlf1-mi-rdimethvi a minnWth Y n -2-f| UQr nnh^n Y .}-o- 3. 

30 pvrrolidinvl)carbamate 
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Intermediate 5 (0.027g) was treated with 2N dimethylamine in THF (3ml) and stirred for 
18h at ambient temperature. Solvent was removed under reduced pressure and the 
residue partitioned between chloroform and saturated aqueous sodium bicarbonate 
solution. The separated organic layer was passed through a hydrophobic frit and re- 
5 concentrated under reduced pressure. The residue was purified using SCX SPE (1g/2ml) 
eluting with DCM to 10%ammonia/methanol to give the title compound (0.01 9g) as a 
sticky gum. 

Mass spectrum: Found: MH* 366 



10 Intermediate 7 

NH, 




1 -(4-Acetvl-2-fluorophenv[ )-3-amino-2-Dvrrolidinonfi hydrochloride 

Intermediate 3 (0.156g) was stirred in 4M hydrogen chloride/dioxan (6ml) at ambient 
temperature for 2h. The reaction was concentrated under reduced pressure to give the 
15 title compound (0.1 35g) « p*i» yellow solid. 
Mass spectrum: Found: MH + 237 




Intermediate 8 

20 fg)-/v~-ri-f4-Acetvl-2-fluoro phenvn-2-oxo-3-Pvrrolidinv|l-2-fS-chlorn-9- 
thienvnethenesuifonamide 

Intermediate 7 (0.135g) was suspended in dry MeCN (5ml) was cooled to 0°C and treated 
with DIPEA (0.19ml), allowing to stir for 5min. A pre-cooled solution of (E)-2-(5-chloro-2- 
thienyl)ethenesulfonyl chloride (0.122g) in dry MeCN (2ml) was added slowly and the 

25 mixture stirred at 0»C for 2h before warming up to ambient temperature and stirring 
overnight. The mixture was concentrated under reduced pressure, partitioning the residue 
between DCM and saturated aqueous sodium bicarbonate. The separated organic layer 
was passed through a hydrophobic frit and concentrated under reduced pressure to give 
the title compound (0.1 62g) as a pale yellow solid. 

30 Mass spectrum: Found: (M-H)" 441 
H.p.l.c. R t 3.16min 
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Intermediate 9 

fE)-2-f5-Chloro-2-thienvlV/V-f1-r2-fluor Q ^.M -hvdroxv e th Y ») P henvl1-2-oyn-3- 
pvrrolidinvllethenesulfonamirte 

5 Intermediate 8 (0.163g) suspended in dry methanol (5ml) was treated with sodium 
borohydride (0.028g) and the mixture stirred at ambient temperature for 90min under 
nitrogen. The reaction was quenched with 3 drops of water and concentrated under 
reduced pressure, partitioning the residue between DCM and water. The separated 
organic layer was passed through a hydrophobic frit and concentrated under reduced 
10 pressure to give the title compound (0.149g) as a beige foamy solid. 
Mass spectrum: Found: MH + 445 
H.p.l.c. R t 3.00min 

Intermediate 10 



15 




,(E)-/V-{1-f4-(1-Bromoethvn-2-nuoroDh a nvi]- 9-oxo-3-nvrmiiHin V |)-2-i5-chlnm-9- 
thienvltethenesi ilfonamide 

A solution of Intermediate 9 (0.149g) in dry DCM (6ml) at 0°C was treated with carbon 
tetrabromide (0.136g) and stirred for 5min. To the mixture was added triphenylphosphine 

20 (0.106g) in portions and the reaction stirred at 0°C for 2h before more carbon tetrabromide 
(0.136g) and triphenylphosphine (0.106g) were added. The reaction was warmed up to 
ambient temperature and stirred overnight under nitrogen. The mixture was diluted with 
DCM and washed with water. The separated organic layer was passed through a 
hydrophobic frit and concentrated under reduced pressure, to a small volume, and purified 

25 us.ng pre-conditioned silica SPE (5g/20cc) eluting with cyclohexane: ethyl acetate (10:1 to 
2: 1 ) to give the title compound (0.09g) as a beige solid. 
Mass spectrum: Found (M-H)- 506 



30 
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Intermediate 1 1 




Pvrrolidinvl^ ethenesulfanamiHo 
5 A solution of Intermediate 10 (0.09g), in dry DMF (4ml), was treated with sodium 
drformamide (0.019g) and then heated to 50°C under nitrogen for 3.5h. The reaction was 
cooled to ambient temperature and the solvent removed under reduced pressure 
pardoning the residue between DCM and water. The separated organic layer was 
passed through a hydrophobic frit and re-concentrated under reduced pressure to give the 
10 title compound (0.075g) as an orange gum. 
Mass spectrum: Found: MH"498 

Intermediate 19 

15 "W4-Acetvl-?-f|,^ 

sulfonamide c — 

The decompound was prepared from Intermediate 7 and 6-chloro-1-benzothiophene-2- 
sulphony. chloride using the synthetic procedure described for .ntermediate 8 
Mass spectrum: Found: MH* 467 

20 



Intermediate 13 



HO 




25 2-sulfonamirte 
The title compi 
described for I 
Mass spectrum: Found: MH + 469 



T^Bta£BmD^ was prepared from Intermediate 12 using the synthetic procedure 
descnbed for Intermediate 9. 
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Intermediate 14 




a 



AH1 -f4-(1 -Bromoethvn-2-fluoroDh envn-2-oxo-3-Dvrrolidinvl>-6-chloro-1 -benzothiophene-2- 
sulfonamide 

5 The title compound was prepared from Intermediate 13 using the synthetic procedure 
described for Intermediate 10. 
Mass spectrum: Found: MH + 531 

Intermediate 15 

10 



1 .1-Dimethvlethvl (4-bromo-2-fluorophenvncarbamate 

A solution of 4-bromo-2-fluoroaniline (40g) in toluene (120ml) was treated with di-tert- 
butyl dicarbonate (51 g) and heated at 80°C under nitrogen for 19h. The reaction mixture 

15 was cooled to ambient temperature and treated with a further portion of di-tert-butyl 
dicarbonate (10g) and heated at 80°C under nitrogen for 6h. The reaction mixture was 
cooled to ambient temperature and concentrated under reduced pressure. The residue 
was purified by column chromatography on silica gel eluting with 9:1 cyclohexane:ethyl 
acetate. The product fractions were evaporated to dryness and the residue was 

20 partitioned between DCM (250ml) and saturated aqueous sodium bicarbonate (200ml). 
The layers were separated and the aqueous layer was washed with DCM (50ml). The 
organic layers were combined, washed With saturated aqueous sodium chloride (100ml), 
dried (sodium sulfate) and concentrated under reduced pressure to give the title 
compound (61 .22g) as a pale orange waxy solid. 



25 1H NMR (CDCI 3 ) 8 : 1.54 (9H, bs), 6.67 (1H, bs, 1H), 7.2-7.3 (2H, m), 8.01 (1H, m) 




30 
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Intermediate 1fi 




1,1-DimethvlethvU4-acetvl-7-f luoroDhenvt) r Q rh a n,o^ 
5 A degassed solution of Intermediate 15 (30n) in dmp frown ^ 

saturated aqueous sodium chloride (300ml) dried lover S orti„m -hJT^ 
under reduced pressura. The yellow resld a ^s SZ^^J^!^^ 
with water (300m, and formlc acid (5m„. The reacC^lre^^H^ 
15 temperature for 2h and evaporated to remove the MeCN ThT^. 
baleen ethyl acetate ,400m„ and saturated 

layers ware separated and me aqueous layer was washed with ornate Sol 
The onaamc exacts were combined, washed with saturated sodium 

Mass spectrum: Found: MH + 254 



25 Intermediate 17 




A solute of intermediate 16 (3.80g, in anhydreus toluene (60ml) was trealed 
30 sequenflally with (S)-1-phenylath y lamine (2.32ml) and triethylamine (8.36ml) A 1M 
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solution of titanium (IV) chloride in toluene (8.25ml) was added over 1 h and the dark 
suspension was stirred at ambient temperature under nitrogen for 19h. The suspension 
was filtered quickly and the solid was washed with dry toluene (30ml). The toluene 
solution was slowly added over 1 h and 40 min to a stirred solution of sodium borohydride 
5 (1.14g) in dry methanol (150ml) at -75°C under nitrogen. The reaction mixture was 
st.rred at -75°C for 1 h and 20 min and was then allowed to warm to -60»C over 30 min 
Ice cold water was added to the reaction mixture over 30 min as it warmed to 0°C 1 0% 
Aqueous ammonium chloride (10ml) was added over 30 min and the reaction mixture was 
concentrated under reduced pressure and partitioned between saturated aqueous sodium 

10 bicarbonate (80ml) and ethyl acetate (100ml, 50ml). The organic extracts were combined 
and dried (over sodium sulfate) and concentrated under reduced pressure The residue 
(92:8 isomer ratio) was purified by RediSep™ silica chromatography (Combi FIash R 
Companion™) eluting with 10:1 cyclohexane : ethyl acetate to give the title compound 
(2.77g, >99: 1 isomer ratio) as a colourless oil. 

15 Mass spectrum: Found: MH + 359 



Intermediate 18 




20 J.1-D'melhy| e mvl(4-rriS>-1. a m i nn C( h v |l.2-fl,,n m n h o n Y |) ^ r Ko...-, t „ 

A mixture of Intermediate 17 (2.70a) and 5% palladium on carbon <1g) in ethanol (50ml) 
was treated with ammonium formate (4.750) and stirred at ambient temperature Z 5^,7 ' 

SSiTT T *" gradUa " y hea,ed to 65 ° C over 30 min a "« "*> ■>* * 

65 C for 1h. The reaction mixture was cooled and filtered to remove the catalyst The 

Z HZZZZT 6 10 '° 9iV8 flfla^omofiimd (1.9 2 g) as a colourless soHd 

(1H bS) H ' * <9H ' ^ « 4 M < 1H ' "* « 



Intermediafft 1ft 
30 Method B 



A solution of Intermediate 17 (92.5g) in ethanol (800 ml) containing 10% palladium on 
charcoal (Degussa E101 NE/W, 50% w/w water, 9.25g) was stirred at 55°C under 
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hydrogen at 50 p.s.i. for 5h, After cooling, the catalyst was filtered and the solvent 
evaporated to afford 59.5g of the title compound as a light grey solid. 



Intermediate 19 




r 

IJ^imethy^^ 

Intermediate 18 (1.92g) was cooled in an ice bath and slowly treated with formic acid 
(1.46ml) with stirring. The resulting suspension was treated with 37% aqueous 

10 formaldehyde (1.67ml) and the reaction mixture was heated to 70°C under nitrogen for 1h 
The yellow solution was cooled to room temperature and carefully basified with saturated 
aqueous sodium carbonate solution (30ml) and extracted with ethyl acetate (3 x 50ml) 
The organic extracts were combined, washed with saturated aqueous sodium chloride 
(10ml), dried (over sodium sulfate) and evaporated to a yellow oil. Purification on a 50g 

15 s.lica SPE cartridge eluting with a gradient 20:1 to 7:1 ethyl acetate : methanol gave the 
title compound (1 .31 g) as a pale yellow oil. 
Mass spectrum: Found: MH + 283 

Intermediate 19 
20 Method B 

A solution of Intermediate 18 (59.5g) in methanol (450 ml) was mixed with formaldehyde 
solution (37o/„ w/w in water, 173 ml) the solution heated at 70°C for two hours under 
nitrogen. This was cooled in an ice-salt.bath and sodium borohydride pellets (70 3g) were 
added over 2 hours at such a rate that the temperature was kept below 10»C This 

25 solution was stirred to room temperature over 14h then quenched by the cautious addition 
of 200 ml of saturated aqueous ammonium chloride to the mixture with ice cooling The 
solution volume was reduced to about 200 ml and the residue partitioned between water 
and DCM and extracted with a second 500ml portion of DCM. The combined organic 
fractions were washed with brine, dried over sodium sulfate and purified on a Biotage™ 

30 . s.l.ca column eluting with a gradient of 5% to 10% methanol in DCM containing 0 5% v/v 
of aqueous ammonia, affording 49.5g of the title compound as a straw-coloured gum 
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Intermediate 20 




r 

4-mS)-1-rDimethYla rr>ino)ethvn-2-fluoroanilinfi 
5 A solution of Intermediate 19 (1.30g) in anhydrous methanol (50ml) was treated with 4M 
hydrogen chloride in dioxan (11.8ml) and stirred at ambient temperature for 18h. The 
reaction mixture was concentrated under reduced pressure and purified on 2 x 10g SCX 
SPE cartridges eluting with methanol to 1N methanolic ammonia to give the title 
compound (0.742g) as yellow oil. 

10 « wS?S&?i,;i5 <4K ' * <6H ' * <m q> ' 365 <2H ' 672 W m >' 
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Intermediate 91 




5 1 - 1 -D'methy |ethvl fMS)-1-fffrv r ? c 

carbonvn-3-hYrirn^/pr OPV | )carhamato 

Mass spectrum: Found: MH* 384 
20 Intermedin oo 




1.1-Dimfith Y i 0 th Y | 
Pvrrolidin Y i)r arbamate 

25 a„n°„r rr^s r *r thf (3om, > - — 
<°^zi^t^^rjz 7 zz m rz 'rr by i ' r - 

was stirred at 0°C for 30 min aivino * ' The sl,ght sus Pension 

temperature for 20h The ea^l ^ P6nS '° n " Wch W * S then stirred at a ^bient 
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eluting with 50:1 to 10:1 DCM:methanol gradient gave the titiecor^ound (0.644g) product 

as a pale yellow foam. 

Mass spectrum: Found: MH + 366 

5 Intermediate 23 



-NH, 

b 



(3S)-3-Amino-1-{4-rf1SV1-^^ 

A solution of Intermediate 22 (0.633g) in methanol (20ml) was treated with 4M hydrogen 
10 chlor.de .n d.oxan (2.6ml) and stirred at ambient temperature for 18h. The reaction 
m.xture was concentrated under reduced pressure and purified on a 50g SCX SPE 
cartndge eluting with methanol and then 2N methanolic ammonia to give the title 
compound (0.41 6g) as a pale yellow oil. m 

1H NMR (CDCI3) 8: 1.33 (2H, d), 1.95 (1H, m), 2.21 (6H, s), 2.57 (1H, m), 3.23 (1H m) 
15 3.69 (2H, m), 3.81 (1H, m), 7.11 (2H,m), 7.37 (1H, m). 

Intermediate 24. 




1-f4-Aminn-a,f;-rii fl U oroDhenvnethanonfi 

20 SOmi^w 1 4 *^™ h ™^ (150) in dry DMF (180ml) was degassed for 
30m n. Water (42ml) was added and the solution was further degassed for 10min n 
Butyl vinyl ether (46.60ml), 1,3-bis(diphenylphosphino)pro P ane (1.96g), potassium 

s^ed rinon 69) ; *" (M) Wera added «- the mi^ was 

st n-ed at 80<>C under nitrogen for 6h and then at ambient temperature for 18h. The 

eZZ*£ TT ed T r r6dUCed The r6Sidue Was P artitionec » between 

2 Th h The separated organic layer was dried over anhydrous sodium 
and orated under reduced pressure. The residue was treated with 
MeCN (100ml), water (100m.) and formic acid (2ml) and stirred at ambient temperatureTr 
30 DCM *Z I"" ^ C ° nCentrated under reduced P^ssure and partitioned between 
was dri.H SatUrated aq " eous sodium bicarbonate solution. The separated organic layer 

oZZ rT' T, V ° US S ° dlUm SU ' fate> fi,tered and ^ntrated under reduced 
pressure. The residue was purified by flash vacuum chromatography (silica, eluting with 
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ether). Trituration with cyclohexane afforded a solid which was filtered and dried under 
vacuum at ambient temperature to give the title compound (10.47g) as a cream solid 
Mass spectrum: Found MH + 172 
H.pJ.c. R, 2.27 min 

Intermediate 25 




[(1R)-1.(4-Amino-3,fi^if|.ioroDhenvnethYH rriffl- 1 .nh fi nvl ft th Y i 1 o^ i »^ 
10 intermediate 24 (4.43g) was dissolved in dry toluene (100ml) and stirred under nitrogen at 
ambient temperature. (R)-l-phenylethylamine (4ml) and triethylamine (14.4ml) were 
added and then a solution of titanium (IV) chloride (14.24ml, 1M in toluene) was added 
dropwise below 25X. The mixture was stirred at ambient temperature for 20h The 
mixture was filtered and the filtrate was added dropwise to a solution of sodium 
15 borohydride (1.95g) in methanol (200ml) at -73°C whilst stirring under nitrogen The 
m.xture was further stirred for 2.5h and then quenched with ice water (50ml) below -25°C 
The mixture was warmed to 0°C and then concentrated under reduced pressure The 
residue was partitioned between ethyl acetate and water. The organic layer was 
separated, dried over anhydrous sodium sulfate, filtered and concentrated under reduced 
20 pressure. The residue was purified using Biotage™ chromatography (silica, eluting with 
cyclohexane:ethyl acetate 9:1) to give the title comnnnnH to 57 g) as a colorless oil 
Mass spectrum: MH + 277. 
H.p.l.c. R t 2.06 min 



25 Intermediate pr 




KH, 



K1 ffl-1 -f4-Aminr>- 3.5-dif|uorophenvnethYH flminA 

30 staTofnf (2 ' 669 , ) WaS w dlSS0,Ved in abso,ute etha "°' (95m.) and degassed using a 
30 stream of nrtrogen at ambient temperature. Ammonium fomnate (4.78g) and 10% 
pallad,um on carbon (0.50g) were added and the mixture was heated w th stirring at 65°C 
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cyc,ohexane:ether, 1:3 to DCM.methano" a^us ^T^VlT ^ T 
compound (1.22g) as a pale brown oil. s ammonia . 9-1-2 /o ) to g,ve the trtte 

5 TLC (silica, chloroform:methanol:aqueous ammonia, 9:1:1) R f 0 .35 
Intermediate 77 




10 fd^-l-H-Amino-a.S-riifiMnm phon yneth^rfi^^ ^,^ 

A solution of Intermediate 26 (1.08g) in drv THF rpi fi m n ^ 

an ,ce ba,h. 37% ^^\oJvZlT.^^^7^ ^ 

saquantiai addition of sodium Wa^to^oSeTia^nrt ,' **"" d by 

chlo^orm^ethanoTss-a ^o9 5 - 5 ^o afce .ha «, "T^ ^ **■ with 

TLC <si,ica. «**^££^ " » - *■» * 

Intermediate ?ft 



20 




.1,1-Djmathylathy, ((1S)-1-r»4-M CT 

25 ^"°r°Phanvl>amlnoV«rh nn Yi l -<..h y droyvnmnv l) ^ rf „„. 1 . 

Mn .M to Mmin 12?' "".■ d * d dr ° PWlSe Mow 2 °° C and »>a 
30 below 2<*>r Th^«,.-^ t u -oagj in DCM (4ml) was added droDwise 
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concentrated under reduced pressure. The residue was purified using Biotage™ 
chromatography (silica, gradient eluting with chloroformrmethanol, 91 to 

^rteloS; aqU60US amm ° nla ' 9:1:1%) t0 9iVe the ^^nmiM.(0.635 g ) as a 

Mass spectrum: Found: MH* 402 
H.p.l.c. R t 1.84 min. 

Intermediate 29 




10 ^ 

1.1-Dimethvlfifh Y l ff a.<?)-i. 
pyrrolidinvltearhamate 

Il a r IU S n ,°! ' ntermediate 28 ( °- 635g) in dry THF < 14mI > under nfcogen at 0°C was 
added sohd 1,1(azodicarbonyi)-dipiperidine (0.48g) and tri-n-butylphosphine (0.47ml) 
15 The so.ut.on was allowed to warm to ambient temperature and stimad for 18h The 

W ^ M COnCentrated Und6r redUC6d preSSUre and tne resjd ^ was partitioned 
between DCM and aqueous saturated sodium bicarbonate. The organic laye was 
passed through a hydrophobic frit and concentrated under reduced pressure. The fnasidue 

20 T 9 , Bi ° ta9e ™ Ch ~-Phy (silica, gradient eluting with DCM to 

20 chloroform:methanol, 95:5 to 90:10:1-/„ aqueous ammonia) to give the crude titte 
compound (0.899g) as an orange oil. m 

Mass spectrum: Found: MH* 384 
H.pJ.c. R t 2.04 min. 

25 Intermediate an 

"NH, 




(3S)-3-Amino.1.{4-r(1ff)-1-(dimet hylam in o)ethvn -2.6-riiflnoro ph 

intermediate 29 (0.899g) was stirred in dry DCM (9m.) and trifluoroalic acid (2 47m.) 

30 IuIh temperature for 2h - ^ ^^ure was concentrated unde 

30 reduced pressure. The residue was purified using SCX SPE (20g/60ml) eluting with DCM 
to 5/o aqueous ammonia/methanol to give the tme^gn^gund (0.036g) as a pale brown 

Mass spectrum: Found: MH*284 
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H.p.l.c. Rj2.06 min 
Intermediate 31 




jJJfesaii^^ 

Carbon monoxide was bubbled through a mixture of Intermediate 2 (4fl). palladium til) 
acetate (0.106 8 ) and Ll^diphen^phosphinoXerrocene (0.5 2 7 3 , ,n " omn 
«*. Tdeu^me ( 3.3m„ was added in one portion followed b 
to added dropwrse over 1h. The mixture was heated at 80-C for 1h. More palladium (II) 

me.hyle.lane (1.5ml) we re then added. Mora carbon monoxide was babbled thmugh "a 

« it miaun was hea,ed under - ~ atmos OT : 

further 2h. The oooled reaction mixture was quenohed with brine (500ml) and extracted 
.5 «h «tf acetate (250m„. The o^anic extract was washed with brtne 

(magneaum sulfate) and evaporated under reduced pressure. The residue was US 
on a s„,ca SPE eluUng with cyclohexane: ethyl acetate (3:1 to 13:7) to give me * 
compound M .42a) as a »,hw a 7 y ine 232 



compound (1.42g) as a creamy white solid. 
Mass spectrum: Found: MH* 323 
20 H.p.l.c. R,2.65min 
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10 



To a solution of Intermediate 31 (0.05g) in dry THF (1.5m.) at o-C under nitrogen, was 
added a solution of ethylmagnesium chioride in THF (2M, 0.17ml) dropwise and stirred for 
3h. The reaction was quenched at 0°C with saturated aqueous ammonium chloride (1ml) 
extracted wth ethy, acetate (2X), dried, and evaporated under educed pressure The 
residue was purified on a silica SPE eluted with cyclohexane: ethy. acetate (M to 1-3) 
and then 1 00% ethyl acetate to give the title com nonnH ( 0 .038g). 
Mass spectrum: Found: MH + 353 
H.p.l.c. R,2.68min 



Intermediate 33 




r 

1.1-Dimethy leth Y > 
15 pyrrolidinyl ) carbamate 

h,,em,ed,a.e ,32 (0.0389) ,n dry DCM (1 ml) a , o»c was treated v* trtpheny.phosph.ne 
0.033g) and carton teniae (0.0439). The reaction was warmed up to ambient 

iz:r nd t ,or 2h under naro9en - ne mMurs - wap ° rated 

pressure. The resrdue was treated with 2N dimethylamlne In THF (1ml) and stirred at 
20 ambrent temperature ovemi g h,. Solvent was removed under reduced pressure Z Z 
-due panned hereon DCM and satumted ar.ueous sodium bicarbonate s" 

la TrT * 0Wn ' 0 ^ P8SSed ,hr0U9h 3 hydro " hobte « - re^ncen^ted 
undo reduced pressure. The residue was purified uslnfl SCX SPE (eluting with methanol 
to 10%ammonia/methanol to give the title compound (0 .031g). 
25 Mass spectrum: Found: MH* 380 
H.p.Lc. R,2.13min 
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)lidin-3- 



1,1-Dimethylethyl (3.SH -r2-fluoro-4-< 1 -hvdroxv-2-m ft thv| pr o DV nnhPnv-)U9-nv^, 
5 vicarbamate 

The title compound was prepared from Intermediate 31 and isopropylmagnesium chloride 
using the procedure described for Intermediate 32. 
Mass spectrum: Found: MH* 367 
H.p.l.c. R t 2.91min 

10 

Intermediate 35 




1,1-DimethYlethyl ff3^1-(4-ri-fdimethvlaminoV2-methvinrnp Yl 1 - 2 .fiu 0rQ nh fi nvi> - ? .^- 
Pvrrolidinyl )carbamate 

15 Intermediate 34 (0.064g) in dry DCM (1.7ml) at 0°C was treated with triphenylphosphine 
(0.055g) and carbon tetrabromide (0.070g). The reaction was warmed up to ambient 
temperature and stirred for 2h under nitrogen. The mixture was evaporated under reduced 
pressure. The residue was treated with sodium iodide (0.003g), 2N dimethylamine in THF 
(3ml) and dimethoxyethane (1ml). The mixture was heated at 50°C under nitrogen 

20 overnight. The cooled reaction mixture was evaporated under reduced pressure and the 
residue partitioned between DCM and saturated aqueous sodium bicarbonate solution. 
The separated organic layer was passed through a hydrophobic frit and re-concentrated 
under reduced pressure. The residue was purified using SCX SPE (eluting with methanol 
to 1 0%ammonia/methanol to give the title compound (0.021 g). 

25 Mass spectrum: Found: MH* 394 
H.p.l.c. R,2.22min 
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Intermediate 36 



AHH4-Aoetyl-2-fluoroph en^^^ 
5 The title compound was prepared from Intermediate 7 and 6-chloro-2-naphthalene 
sulfonyl chloride using the procedure described for Intermediate 8. 
Mass spectrum: Found: MH + 461 
H.p.l.c. R t 3.37min 

10 Intermediate 37 



(E)-2-(5-Chloro-2-thien^)-N^1-r2-fluoro^H - hvdroxv-1-m ft thviethvnDh e n Y iT -9^vn-^ 
pvrrolidinvllethenesulfonamifte 

15 Titanium (IV) chloride (1M in DCM, 6.7ml) was added dropwise to anhydrous diethyl ether 
(25ml) at -78°C. Dimethyl zinc (1M in heptane, 6.7ml) was then added, keeping the 
temperature <-50°C. The mixture was allowed to warm to -30°C, and Intermediate 8 
(990mg) was added dropwise as an anhydrous DCM solution (25ml). The mixture was 
then stirred for three hours at -20°C to -5°C, then quenched by addition to cold water. 

20 The mixture was extracted with diethyl ether, and the organic extracts dried (magnesium 
sulfate) and concentrated under reduced pressure to give the title compound (1.03g). 
Mass spectrum: Found: MH" 459 
H.p.l.c. R, 3.1 5rtiin 

25 Intermediate 3ft 



6-Chloro-N-(1-f2-fluoro-4-n-hvdroxv-1-me thvlethvnnhenvn-2-oxo-3- p Y rrolidinv»-2- 
naphthalenesulfonamide 
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The title compound was prepared from Intermediate 36 using the procedure described for 
Intermediate 37. 

Mass spectrum: Found: MH + 477 
H.p.l.c. R t 3.31 min 

5 

Intermediate 39 



6-Chloro-N-f 1 -r2-fluoro-4-f 1 -hvdroxv-1 - methvlethvhnhenvl1-2-oxo-3-pvrrolidinvl\-l - 
10 benzothiophene-2-sulfonamirte 

The title compound was prepared from Intermediate 12 using the procedure described for 
Intermediate 37. 

Mass spectrum: Found: MH + 483 
H.p.l.c. R t 3.34min 

15 

Intermediate 40 



1-f4-Acetvl-2-flunrn phenvlV-3-amino-2-Dvrroliriinnnft 

To a solution of 4-amino-3-fluoro-acetophenone (2.43g) in MeCN (60ml) at 0°C under 
20 nitrogen, was added sodium phosphate (1.43g). The resulting mixture was treated 
dropwise with 2,4-dibromobutanoyl chloride (2.4ml) and stirred for 1h. Potassium 
carbonate (4.38g) was added and the mixture stirred for 18h, warming gradually to room 
temperature. The mixture was filtered through celite filter-aid, washed with MeCN (10ml) 
and the combined filtrates treated with 0.880 aqueous ammonia (30ml). The mixture was 
25 heated to 40°C for 20h, then concentrated under reduced pressure, partitioning the 
residue between DCM and saturated aqueous sodium bicarbonate. The separated 
organic layer was passed through a hydrophobic frit and concentrated under reduced 
pressure to give an orange oil which was purified by Biotage™ silica chromatography 
eluting with 400:10:1 then 200:10:1 DCM:Methanol:0.880 aqueous ammonia to give the 
30 tjtlejsompoujTd (3.06g) as a yellow oil. 
Mass spectrum: Found: MH + 237 
H.p.l.c. R t 0.84min 
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Intermediate 41 




ci 



5 W1-(4-AceWl-2-fluorophenvll2-oxo 
A suspension of Intermediate 40 (1.0g) in dry MeCN (40ml) was cooled to 0°C under 
nitrogen and treated with pyridine (0.685ml). 6-Chloro-2-naphthalenesulfonyl chloride 
(1 .31g) was added portionwise over 20 min and the reaction mixture was stirred in the 
cooling bath for 4h and then stirred at ambient temperature for 18h. The mixture was 
10 concentrated under reduced pressure and the residue was purified by Biotage™ silica 
chromatography eluting with a gradient of 3:1 to 1:1 cyclohexane:ethylacetate to give the 
title compound (1 .37g) as a yellow solid. 

Intermediate 42 



6-Chloro-A/-f1-f2-flnnro-4-n-hvdrox vethvl)Dhenvn-2-oxo-3-pyrrolidinvlV-2- 
naphthalenesulfonamide 

Intermediate 41 (1.36g) in dry methanol (30ml) was at 0°C treated with sodium 
borohydride (0.223g) and the mixture stirred at ambient temperature for 1 8h under 

20 nitrogen. Additional sodium borohydride (0.07g) was added and the reaction stirred for a 
further 3h. The reaction was quenched with aqueous ammonium chloride (10ml) and 
concentrated under reduced pressure, partitioning the residue between DCM and 
saturated aqueous sodium bicarbonate. The separated organic layer was passed through 
a hydrophobic frit and concentrated under reduced pressure to give the title compound 

25 (1 .40g) as a pale yellow foam. 
Mass spectrum: Found: MH + 463 
H.p.l.c. R,3.14min 
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Intermediate 43 




Br 



AH1W1-Bromoeft^ 
naphthalenesulfnnamiHo 

5 Intermediate 42 (1 .37g) in dry DCM (40ml) at 0°C was treated with triphenylphosphine 
(1.07Q) and stirred for 40min. To the mixture was added N-bromo-succinimide (0.65g) and 
the reaction stirred at 0-10°C for 1h then at ambient temperature for 2h. Additional 
tnphenylphosphine (0.60g) was added followed by additional N-bromo-succinimide 
(0.45g) and the reaction stirred for 18h. The reaction mixture was applied directly to a pre- 
10 conditioned silica SPE (50g), e.uting with 3:1 then 1:1 cyc«ohexane:ethylacetate to give 
the title compoiinri (1 .449) as a p j nk foam 

Mass spectrum: Found: MH + 525 
H.p.l.c. R,3.61min 

15 Intermediate AA 




(1 S)-N. A/-DimPth Y l-l -p- nifroDhenvnfithanam.no 

The title^gund was prepared from free-based (1S)-1-(4-nitrophenyl)ethanamine using 
the procedure described for Intermediate 19. 
20 Mass spectrum: Found: MH + 195 
H.p.l.c. R t 0.8min 



Intermediate 45 

NH^ " " 
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4-f(1S)-1-fD imethvlamino)ethvl1anilinfi 

A solution of intermediate 44 (0.78g) in ethanol (20 ml) containing 10% palladium on 
charcoal (0.025g) was stirred under an atmosphere of hydrogen for 4h. The catalyst was 
filtered and the solvent evaporated prior to purification by silica chromatography, eluting 
with 10% methanol in chloroform containing 0.5% aqueous ammonia, which afforded 
(0.55g) of the title compound as a colourless oil. 
Mass spectrum: Found: MH + 165 
H.p.l.c. R,0.2min 



10 Intermediate 4fi 



5 \^ v ^..>N v ^.oA^ 



l 1-Dimethvlethyl{(1S)-1^^ 
hvdroxvnro nvllcarbamate 

The title compound was prepared from intermediate 45 using the procedure described for 
15 Intermediate 1 . 

Mass spectrum: Found: MH* 366 
H.p.l.c. R t 1.82min 



20 



Intermediata 47 




.1 ,1-Dimethvlethvl f(3S )-1-f4-r. 1 SV1-rdim R thvl a m.n 0 )eth V llnhPnv.) -9 

PVrrolidinyl)r!arhfliTiQto 

The title compound was prepared from intermediate 46 using the procedure described for 
Intermediate 2. 
25 Mass spectrum: Found: MH* 348 
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H.p.l.c. R,1.98min 



Intermediate 48 

„NH, 



5 . (3S)-3-Amino-H4-H1S)-1-(riime^ 

The title compound was prepared from Intermediate 47 using the procedure described for 
Intermediate 23 

Mass spectrum: Found: MH* 248 
H.p.l.c. Rt0.2min 

10 

Intermediate 49 

cC 




(3S)-3-Amino-M4-rf1RV1-(dimeth v | a min o)ethvn D henvl>-2-Dvrroliriinnn^ 
The title compound was prepared from (1/?)-1-(4-nitrophenyl)ethanamine using the 
15 procedures described for Intermediates 44 to 48. 
Mass spectrum: Found: MH* 248 
H.p.l.c. R t 0.2min 



Intermediate fin 




20 

3-Amino-1-f4-hrnmo -2,6-difluorophenvn-2-DY rmiiriinnno 

The title compound was prepared from 4-bromo-2,6-difluoroaniline using the procedure 
described for Intermediate 40. 
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Mass spectrum: Found: MH + 291/293 
H.p.l.c. R t 1 .55min 



Intermediate 51 




Br 



UiDjmeaiylet^^ 

A solution of Intermediate 50 (2.9g) in DCM (100ml) was treated with bis(1,1- 
dimethylethyl) dicarbonate (2.4g) and the mixture stirred for 84h at room temperature. 
The crude solution was directly loaded onto 2 x 90g silica cartridges and these were 
10 eluted with 1:3 ethyl acetate: cyclohexane, to give the title comnnnnH ( 3 .ig) as a white 
solid. 

Mass spectrum: Found: MH* 391/393 
H.p.l.c. Rt3.07min 

15 Intermediate 59 




1,1-DimethylefhvlM-^a^^^ 

The title compound was prepared from Intermediate 51 using the procedure described for 
Intermediate 3 
20 Mass spectrum: Found: MH* 355 
H.p.l.c. R,2.78min 



Intermediate 53 
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1J-DimethYlethY»{1-r2 l 6-difl,,oro^-f1-hvdrnvv ft th Y , }rhenv , l . P .^. 
pvrrolidinvllnarhamata 

5 ^^T 5 " fr ° m ,ntermedla,e 52 USi " 9 "» Pr0Cedure des ^ *r 

Mass spectrum: Found: MH + 357 
H.p.l.c. R t 2.64min 

Intermediate fid 



10 




^Djfflgayie^^ 

PvrrolidinYl) carbamatft — 

Aaoluflon of Intense 53 <0.305g) in DCM (20m.) and cooled to 0°C was treated with 
metoanesuiphony. chloride (0.0 99m „ and famine <0.17 8 ml> and stirred for 15nC 

mCrr D,me,hyiamins ' 2m «**» >« ™, 2. 5ml) was ^ed to «. 

mature sfirred overnight a. room tempererture. Another aliquot of the dimethvlamine 

ras added and ^ con8nued * ro ° m -~ - ™ 

when all volafiles ware removed. The residua was purified using pre-conditioned silica 

20 ^aqueous ammonia, to give ma fflte,^^ 9 
Mass spectrum: Found: MH* 384 
H.p.l.0. R,2.0 9 min 



Intermediate 
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3-Amino-H4-fHdi^ 

The title compound was prepared from Intermediate 54 using the procedure described for 
Intermediate 30. 

5 Mass spectrum: Found: MH + 284 
H.p.l.c. R t 0.2min 

Example 1 

ft* 



10 ^^b!oJ2^th!^^ 

pyrrolidinvDethenesulfonamide forma te (alternatively known as Formic acid - tEy tju. 

chloro^-thienyOWV-M^-ri-fdimethv^ 

Pvrrolidinvl) ethenesulfonamide ( 1 : 1 )) 

15 Intermediate 6 (0.01 Og) was stirred in 4M hydrogen chloride/ dioxan (3ml) at ambient 
temperature for 2h. The reaction was concentrated under reduced pressure to give an off 
white gum (0.019g). This material in dry MeCN (2ml) at 0°C was treated with DIPEA 
(0.031ml). The reaction was stirred for 5 min before a pre-cooled solution of (E)-2-(5- 
chloro-2-thienyl)ethenesulfonyl chloride (0.0136g) in dry MeCN (2ml) was added in 

20 dropwise manner. Upon completion of addition, the mixture was stirred at 0°C for 2h then 
warmed up and stirred at room temperature for 6h under nitrogen. Solvent was removed 
under reduced pressure and the residue partitioned between DCM and saturated aqueous 
sodium bicarbonate solution. The separated organic layer was washed with water, passed 
through a hydrophobic frit and concentrated under reduced pressure. The residue was 

25 purified by mass directed preparative h.p.l.c. to give the title compound (0.021g) as a 
white powder. 

Mass spectrum: Found: MH* 472 
H.p.l.c. R t 2.38min 
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Example 1 ( alternative procedure) 
PYrrolidinvDethenesnlfnnamiHo GSK201 1 06B 

LTfTI 10 .! 0 ^ jn ^ (4m ° ^ ^ W, ' th 3 2N SO,Ution of famine 
n THF (0.143ml). The reaction was stirred at room temperature for 1.5h. After this period 

10 ^hT T h6ated t0 45 ° C ^ before CO ° ,ing t0 r0 ° m tem P erature - stirring for 
1 nT COnC6ntrated Under reduced P-ssure, partitioning the residue 
between DCM and saturated aqueous sodium bicarbonate so.ution. The separated 
organ.c layer was washed with wate, passed through a hydrophobic frit and concentrated 
under reduced pressure. The residue was loaded onto a preconditioned SCX SPE 
cartndge (2g/12cc) eluting the product with 10% aqueous ammonia / methanol to give the 

15 title compound (0.021g) as a pink gummy solid. 
Mass spectrum: Found: MH + 472 
H.p.l.c. R t 2.34min 



Example 9 




3:2-(5-Chloro-?-thienvn-A/-M-f9-fi l tn ro-4-ri-r4-mn T h»i,r 
PVrrolidinyl)etheneRi ilfnnamiHa raQf prtRo^ofl 

A so,ut,on of Intermediate 10 (30mg) in dry THF (3ml) was treated with merpholine (26ul, 
25 The m,*ure was heated to 4S°C for 18h, before ailowlng ooollng to ambient temperature 
Solvent was removed under reduoed pressure and the residue partitioned between 
chloroform and saturated aqueous sodium bloarbonate solution. The separated omanio 
layer was passed through a hydrophobio frit and re-ooncentrated under reduoed pressure 

30 ^ by ™ SS dlrec,ed h pJc - ,0 «•» •» tmmmsm 

ju lu.ineg) as a white powder. 
Mass spectrum: Found: MH + 514 
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H.pJ.c. R t 2.42min 



Example 3 




( a-2-(5-Chloro-2-thiftn y|)-A/-ri -(2-fluoro-4-(1 -Ff2- 

hydroxvethvl)(methvnaminolethvBp henvn-2-oxo-3-pvrro>idinvl]ethenesulfQnflmiriA 
GSK208233A 

The title compound was prepared from intermediate 10 and ethanolamine u 
10 procedure described in Example 2. 
Mass spectrum: Found: MH + 502 
H.p.l.c. R,2.36min 



(E)-A/-{1-r4-f1-Aminoethvl)-2-fluor ophenvn-2-oxo-3-Pvrrolidinvl)-2-r5-chlom-2- 
thienvlteth enesulfonamide formate GW 87001 7A 

Intermediate 11 (0.065g) was treated with 6N aqueous hydrochloric acid (5ml). The 
mixture was stirred at ambient temperature for 18h, then heated to 50°C for 3h, before 

20 allowing cooling to ambient temperature. Solvent was removed under reduced pressure 
and the residue partitioned between DCM and saturated aqueous sodium bicarbonate 
solution. The separated organic layer was passed through a hydrophobic frit and re- 
concentrated under reduced pressure. The residue was purified by mass directed 
preparative h.p.l.c. to give the title compound (0.01 1g) as a white powder. 

25 Mass spectrum: Found: MH + 444 
H.p.l.c. R t 2.40min 



Example 4 




Example 5 
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6-Chloro-/V-(1-{441-(dimethvlam 
benzothiophene^-sulfonamiHA riR^/ioonRA 

The title compound was prepared from Intermediate 14 at room temperature using a 
similar synthetic procedure to that described for Example 1 (alternative procedure) 
Mass spectrum: Found: MH* 496 
H.p.l.c. R f 2.44min 



Example 6 



10 




(E)-2-(5-Chl6ro-2-thienvn-^ 

oxb-3-pviTolidinvnethe nesulfonamirte GSK327898A ~~* 
A solution of Intermediate 23 (0.10g) in dry MeCN (5ml) was cooled tofrc under nitrogen 
15 and treated with DIPEA (131ul). A solution of (E)-2.(5^hloro-2-thienyl)ethenesulfonyl 
chlonde (0.11g) in dry MeCN (2ml) was added slowly over 15 min. The reaction mixture 
was left stirring in the ice bath for 1h and the stirred at ambient temperature for 18h 
covered .n foil. The mixture was concentrated under reduced pressure and the residue 
™ T« S P artitioned between DCM ( 15m| . 1 0ml) and saturated aqueous sodium bicarbonate 
20 (10ml). The separated organic extracts were combined, washed with saturated aqueous 
sod.um chloride, passed through a hydrophobic frit and concentrated under reduced 
pressure. The residue was purified on a 20g silica SPE cartridge eluting with DCM- 
methanol gradient (50:1 to 20:1) to give the title compound ( 0 .104g) as a light brown 
foam. 

25 Mass spectrum: Found: MH* 472 

372 N MH « f«'?„ 5 u 1 - 3 ? (3H ' d> ' 205 (6H> S) ' 226 (1H ' m) ' 275 < 1H « m )- 3-23 1H, m), 
3.72 (1H, t), 3.85 (1H, m), 4.14 (1H, m), 5.14 (1H, bs), 6.60 (1H. d), 6.90 (1H, d), 7.08 (1H 

d, 1H), 7.12 (2H,m), 7.32 (1H,m,1H), 7.51 (1H,d,1H) ' 
HplcChiralpakAD,215nm,15%EtOH/heptane1.00ml/min R t 45.25min 



Example 7 
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6-Chloro-/V-(f3S)-H4-r(1,S)-1-(dimethvte^ 
2-naphthal enesulfonamifte GSK339796A 

A solution of Intermediate 23 (0.050g) in dry MeCN (5ml) was cooled to 0°C under 
5 nitrogen and treated with DIPEA (65.6ul). Solid 6-chloro-2-naphthalenesulfonyl chloride 
(0.059g) was added in two portions over 10 min and the reaction mixture was stirred in the 
cooling bath for 2h and then stirred at ambient temperature for 18h. The mixture was 
concentrated under reduced pressure and the residue was partitioned between DCM and 
saturated aqueous sodium bicarbonate. The separated organic extracts were combined 

10 washed with saturated aqueous sodium chloride, passed through a hydrophobic frit and 
concentrated under reduced pressure. The residue was purified on a 20g silica SPE 
cartridge eluting with DCM-.methanol gradient (33:1 to 20:1) to give the title compound 

(0.065g) as a colourless solid. 

Mass spectrum: Found: MH* 490 

15 1H NMR (CDCI3) 5: 1.30 (3H, d), 2.18 (6H, s, 6H), 2.26 (1H, m), 2.75 (1H, m), 3.20 (1H 
m), 3.69 (1H, t), 3.79 (1H, m), 3.92 (1h, m), 5.45 (1H, bs), 7.09 (2H, m), 7.26 (m, 2H) 7 57 
(1H, dd), 7.93 (3H, m), 8.49 (1H, s) 

Hplc Chiralcel OJ, 215nm, 25%EtOH/heptane 1.00ml/min R t 15.27min 



20 



Example 8 GSK335090A 




oc . 6-Chloro-/V-((3^^^ 

25 1 -benzothiop hene-2-sulfQnamirt ft )U ~ 

A solution of Intermediate 23 (0.05g) in dry MeCN (5ml) was cooled to 0°C under nitrogen 

TJZ?* ^ D ' PEA (65 - 6U,) ' S ° ,id 6 - ch, °ro-1-benzothiophene-2.sulfonyl chloride 
(0.060g) was added in four portions over 10 min and the reaction mixture was stirred in 
the cooling bath for 2h and then stirred at ambient temperature for 18h. The mixture was 
30 concentrated under reduced pressure and the residue was partitioned between DCM and 
saturated aqueous sodium bicarbonate. The separated organic extracts were combined 
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washed with saturated aqueous sodium chloride, passed through a hydrophobic frit and 
concentrated under reduced pressure. The residue was purified on a 20g silica SPE 
cartndge eluting with DCMrmethanol gradient (33:1 to 20:1). The residue was partitioned 
between saturated aqueous sodium carbonate and DCM. The organic extracts were 
5 combined and washed with aqueous saturated sodium chloride, passed through a 
hydrophobic frit and concentrated under reduced pressure. The residue was purified on a 
10o SCX SPE cartridge eluting with methanol to 2N methanolic ammonia to give the title 
compound (0.064g) as a cream foam. a ^ 

Mass spectrum: Found: MH* 496 
10 1H NMR (CDCI 3 ) 8: 1.31(3H, d), 2.19 (6H, s), 2.31 (1H, m), 2.79 (1H, m) 3 21 (1H m) 

K S££r m) ' 553 (1H ' ^ 711 (2H - U v - (1h! k 

15 Using (R)-l-phenylethylamine in the imine formation (Intermediate 17), Examples 9 10 
and 1 1 were prepared in an analogous manner to Examples 6,7 and 8. 

Example 9 



20 




fE)-2-(5-Chlo^ 

oxo-3-pviToliriinvltethfinft S i. tfonamide GSK327458A 
Mass spectrum: Found MH* 472 

25 (ThT 3 SJS? 5 i ^ <7H ' "* 2 75 (1H ' "* 325 - 335 < 1 * Ml 3.72 

^i^i^ ■* ^ ™ * "» «* * f K CO. 
Hplc Chiralpak AD, 215nm, 15% EtOH/heptane 1.00ml/min R t 39.77min 
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Example 10 GSK337702A 




CI 



6-Chloro-AH (3SH -f4-f f 1 ffl-1 -rdi methvlamino)ethvl1-2-fluorophenvl)-2-oxo-3-pviTolidinYl)- 
5 2-naphthalenesulfonamide 

Mass spectrum: Found: MH* 490 

1H NMR (CDCI 3 ) 5: 1.37 (3H, bm), 2.25 (7H, m), 2.75 (1H, m), 3.25-3.35 (1H, bm), 3.69 
(1H, t), 3.79 (1H, m), 3.92 (1H, m), 5.47 (1H, bs), 7.13 (2H, bs), 7.30 (2H, m), 7.58 (1H, 
dd), 7.93 (3H, m), 8.50 (1H, s) 

10 

Example 1 1 



6-Chloro-A/-«3S)-1-mMRl-1-(dimet M^ 
1 -benzothi ophene-2-sulfonamide GSK337701A 
15 Mass spectrum: Found: MH* 496 

1H NMR (CDCI3) 81.40 (3H, m), 2.29 (7H, s), 2.80 (1H, m), 3.30 (1H, bm), 3.73 (1H, m), 
3.85 (1H, m), 4.09 (1H, m), 5.57 (1H, bs), 7.19 (2H, bm), 7.35 (1H, bm), 7.45 (1H, dd), 
7.83 (2H,m), 7.93 (1H,s) 

20 Example 1? 



(E)-2-(5-Chloro-2-thienvn-/V-(73SM- ^ 
2-oxo-3-pvrroliriin yDethenesulfonamide 
25 A solution of Intermediate 30 (0.036g) in dry acetonitrile (1.74ml), and DIPEA (0.045ml) 
was cooled to 0°C. (E)-2-(5-chloro-2-thienyl)ethenesulfonyl chloride (0.031g) was added 
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and the mixture was shaken on a shaker-bed at ambient temperature for 18h and then 
concentrated under reduced pressure. The residue was partitioned between DCM and 
water. The organic layer was passed through a hydrophobic frit and concentrated using a 
s ream of nitrogen. The residue was purified using pre-conditioned silica SPE <10g/60m.) 
t" t0 DCM:methan0f ' 9 ° :10) to the lili^ompound (0.01g) as a pi 

Mass spectrum: Found: MH + 490 
H.p.l.c. R» 2.36 min. 

10 Example 13 




2-oxo-3-pvrrolidinvn6thPn esulfonamidfl GSK397418A 
15 Thejifle^^ was prepared in the same way as Example 12 except using (S)-1- 
phenylethylamme in the formation of Intermediate 25. 
Mass spectrum: Found: MH + 490 
H.p.l.c. R t 2.40 min 



20 Example 14 




(E)-2-f5-Chloro-?-thipn>m-^^^3SVW4- r i-(Hi» 1 ethvl a min^nrn f 
pyrrolidinyltethenesulfnn amide formate GSK268880A 
25 intermediate 33 (0.031g) in a mixture of trifluoroacetio acid (3m.) and DCM (7m») was 
allowed to stand at ambient temperature for 2h. The reaction was concentrated under 
reduced pressure to give a residue which was dissolved in dry MeCN (1ml). The resultant 
solufon was treated with DIPEA (0.068m!) and (E)-2-(5^hroro- 2 -thieny.)ethenesu«fon y . 
ch.or.de (0.023g) and then stirred at ambient temperature overnight. Solvent was removed 
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under reduced pressure. The residue was purified by mass directed preparative h.p.l.c. to 
give the title compnnnri (0.01 g). 
Mass spectrum: Found: MH* 486 
H.p.l.c. R,3.50min 

5 

Example 15 




10 flu orophenYlV?-oxo-3-pvrroli^ 

The «!e_compound was prepared using Intermediate 35 and the procedure described for 
example 14. 

Mass spectrum: Found: MH* 500 
H.p.l.c. R t 2.55min 

15 

Example 1fi 




on ^ 2 '^ Chlor °- ? - f ^ 

20 oxo-3-pvrrolidinvnethfinAsi .i fonamide formate GSK309177A 

Hydrogen chloride gas was bubbled through a suspension of zinc chloride (1 5g) in 
anhydrous DCM (30m.) at 0°C for 30 min. Intermediate 37 (LOg) was added as a 
anhydrous DCM solution (15ml), and HCI gas addition was continued for a further 30 min 
The reaction was then filtered, and the mixture concentrated under reduced pressure The 

25 residue was treated with dimethylamine (9ml of a 2M solution in THF) and the resulting 
mixture heated to 75°C overnight in a sealed tube. Following cooling to room temperature 
the mixture was concentrated under reduced pressure, and the residue partitioned 
between DCM and saturated aqueous sodium bicarbonate. The organic layer was 
separated, reduced to minimal volume, then purified via SCX SPE chromatography 
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eluting with 10% methanolic ammonia. Further purification via mass directed preparative 
h.p.l.c. gave the title compound (4mg). 
Mass spectrum: Found: MH* 486 
H.p.l.c. R,2.44min 

Example 17 




6-Chloro-/HH4-ri-Mimethvhm.no^^ 0 r _, H , n . r „ 

10 naphthalenesulfonami de formate fiSK9ftcreft«ft 

The title compound was prepared from Intermediate 38 using the procedure described for 
Example 16. 

Mass spectrum: Found: MH* 504 
H.p.Lc. Ri2.55min 

15 

Example 1B 




g-Chloro-/V-(1 W l-(d^^^^ 

20 Penzothiophene-2-siilfnngmide formate GSK301Q71A 

The tlt[e^o i npoynd was prepared from Intermediate 39 using the procedure described for 
Example 16. 

Mass spectrum: Found: MH* 510 
H.p.l.c. R,2.63min 



25 



Example 19 
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6-Chioro-/V-(1-f4-f1-fdimethvlamin o)ethvl1-2-fluorophenvn-2-oxo-3-DvrrQlidinyl)-?- 
naphthalenesulfonamide 

A solution of Intermediate 43 (0.052g) in dry THF (2ml) at 0°C under nitrogen was treated 
with 2N dimethylamine in THF (1 ml) and stirred for 2.5days warming gradually to ambient 
5 temperature. The reaction was evaporated under a flow of nitrogen and the residue 
purified on a pre-conditioned silica SPE (10g) eluting with 300:10:1 DCM:Methanol:0.880 
Aqueous ammonia to give the title compound (0.045g) as a white solid. 
1 H NMR (CDCI 3 ) 8: 1-30 (3H, d), 2.18 <6H, s, 6H), 2.26 (1H, m), 2.75 (1H. m), 3.20 (1H, 
m), 3.69 (1H, t), 3.79 (1H, m), 3.94 (1H, m), 5.50 (1H, bs), 7.09 (2H, m), 7.26 (1H, m), 
10 7.57 (1H, dd), 7.93 (4H, m), 8.49 (1H, s) 



6-Chloro-A/-(1 -{4-f 1 -f ethvlaminotet hvn-2-f luorophenvlV2-oxo-3-pvrrolidinvn-2- 
15 naphthalenesulfonamide 

The title compound was prepared from Intermediate 43 and 2M ethylamine in THF 
the procedure described for Example 19. 
Mass spectrum: Found: MH + 490 
H.p.l.c. R,2.56min 



20 1 H NMR (CDCI3) 8: 1.07 (3H, t), 1.31(3H, d), 2.26(1H, m), 2.42 - 2.57(2H, m), 2.75(1H, 
m), 3.68(1H, m), 3.77(2H, m), 3.93(1H, m) 7.12 (2H, m), 7.26 (1H, m), 7.57 (1H, dd), 7.93 
(4H,m),8.49(1H,s) 



Example 20 




,0 



H 



Example 21 




bChloro-/V-f1-(4-(1-rethvl(methvnamino1e thvl)-2-fluorpnhenvlV2-Qxo-3-Pvrrolidinvll-2- 



naphthalenesulfonamide 
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The title compound was prepared from Intermediate 43 and ethylmethylamine using the 
procedure described for Example 19. 
Mass spectrum: Found: MH + 504 
H.p.l.c. R,2.55min 

5 1 H NMR (CDCI 3 ) 8: 1.02(3H, bm). 1.30(3H, bm), 2.18(3H, bs), 2.26(1H, m), 2.35(1H, 
bm), 2,49(1H, bm), 2.75(11-1, m), 3.52(1H, bm), 3.69(1H, m), 3.78(1H, m), 3.94(1H, m), 
5.45(1H, bm), 7.12 (2H, m), 7.26 (1H, m), 7.57 (1H. dd), 7.93 (4H, m), 8.49 (1H, s) 

Example 22 



6-Chloro-W-ri-f2-fl»ioro^-n-r(1-methvl ethvnamino1ethvl)DhenvlV2^xo-3-DVffolidinyl] -?- 
naphthalenesulfonamide 

The title compound was prepared from Intermediate 43 and (l-methylethyl)amine using 
the procedure described for Example 19. 
15 Mass spectrum: Found: MH + 504 
H.p.l.c. Rt2.59min 

1 H NMR (CDCI3) 8:1.00(6H, m), 1.30(3H, d), 2.27(1H, m), 2.61(1H, m), 2.75(1H, m), 
3.68(1H, m), 3.79(1H, m), 3.91(2H, m), 7.12 (2H, m), 7.26 (1H, m), 7.57 (1H, dd), 7.93 
(4H,m),8.49(1H,s) 

20 

Example 23 



6-Chloro-yy-f 1 -(?-fh ioro-4-f 1 -fmethvIM -methvlethvnam?no1ethvllnhenvn-2-oxo-3- 
25 PVtTolidinvl1 -2-naphthalenesulfonam8dfi 

The title compound was prepared from Intermediate 43 and methyl(1-methylethyl)amine 
using the procedure described for Example 19. 



10 
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Mass spectrum: Found: MH + 518 
H.p.l.c. R t 2.58min 

1 H NMR (CDCI3) 5: 1.140H. d), 2.02(2H, m), 2.26(1H, m), 2.74(1H, m), 3.13(4H m) 
3.24(1H, m), 3.68(1H, m), 3.78(1H, m). 3.93(1H, m), 5.45(1H, bs), 7.12 (2H, m) 7 26 (m' 
1H), 7.57 (1H,dd), 7.93 (4H,m), 8.49 (1H,s) 



Example 24 




10 N-(1-{4-ri-(1-A7etidinvl)ethvll-2-fluomDh 6 nvlV9-nvn- 3- DV rron 
naphthalenesulfonamide 

The title compound was prepared from Intermediate 43 and azetidine using the procedure 
described for Example 19. 
Mass spectrum: Found: MH + 502 
15 H.p.l.c. R,2.55min 

1H NMR (CDCI3) 8: 0.95(6H, m), 1.26(3H, d), 2.10(3H, s), 2.26(1H, m), 2.75(1H m) 
2.90(1H, m), 3.59(1H, m), 3.68(1H, m), 3.79(1H, m), 3.93(1H, m), 7.10 (2H, m) 7 24 fm 
1H), 7.58 (1H.dd), 7.93 (4H,m), 8.49 (1H,s) ' * 

20 Example 25 

o 

6-Chloro-AKH?4tuoro-441-(1-DV^ 
naphthalenesulfonamide 

The t itle compound was prepared from Intermediate 43 and pyrrolidine using the 
25 procedure described for Example 19. 
Mass spectrum: Found: MH + 516 
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H.p.l.c. R t 2.65min 

'H NMR (CDCI3) 8: 1-35(3H, d), 1.76(4H, bm), 2.26(1H, m), 2.38(2H, bm), 2.51(2H, bm), 
2.74(1H, m), 3.17(1H, m), 3.68(1H, m), 3.79(1H, m), 3.93(1H, m), 5.45(1H, bs), 7.13 (2H 
m). 7.24 (1 H, m), 7.58 (1 H, dd), 7.93 (4H, m), 8.49 (1 H, s) 

5 



Example 26 




6-Chloro-/V-(H2-fluoro^ri-n-piperidinvl) ftth viiphenvl\-2-nyo-3^Dvrr Q lidin Y l) -9- 
10 naphthalenesulfonamidft 

The title compound was prepared from Intermediate 43 and piperidlne using the 
procedure described for Example 19. 
Mass spectrum: Found: MH + 530 
H.p.l.c. R t 2.68min 

15 <H NMR (CDCI3) 8: 1.29(3H, d), 1.38(2H, m), 1.54(4H. m), 2.21-2.42(5H, bm), 2.75(1H 
m), 3.35(1H, m), 3.67(1H, m), 3.79(1H, m), 3.93(1H, m), 5.45(1H, bs), 7.11 (2H, m), 7 23 
(1 H, m), 7.58 (1 H, dd), 7.93 (4H, m), 8.49 (1 H, s). 

Example 27 

20 /" 

5'-Chloro-/V-((3S)-1-f4-ri-fdime^^^ 
bithiophene-S-si ilfonamide 

The title compound was prepared from Intermediate 6 and 5'-chloro-2,2'-bithiophene-5- 
sulfonyl chloride using the procedure described for Example 1 . 
25 Mass spectrum: Found: MH + 528 
H.p.l.c. R t 2.66min 
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Example 28 

X ' 




Pvrrolidmvn ethene«5ulfnnamide formate 
5 GSK327023A) 

The title compound was prepared from Intermediate 48 and (E)-2-(5-chloro-2 
th.enyl)ethenesulfonyl chloride using the procedure described for Example 6 followed by 
punfication using mass directed preparative h.p.l.c. 
Mass spectrum: Found: MH* 454 
10 H.pJ.c. R,2.39min 

NMR (MeOD-</ 3 ) 1.70 (3H, d), 2.08 (1H, m), 2.63 (1H, m), 2.72 0ft s), 3.85 (2H m) 
4 33 (1H, m), 4.40 (1H, m), 6.91 (1H, d), 7.00 (1H, d), 7.22 (1H, d), 7.50 (1H, d), 7.52 (2H 
d) 7.79 (2H, d), 8.40 (1H, bs) 1 ' 



15 Example 29 

' X 




Pvrrolidinyl)fith^n OC , . |fonamlde formate 
(GSK319326A) 

20 The title compound was prepared from Intermediate 49 and (E)-2-(5-chloro-2 
th,enyl)ethenesulfonyl chloride using the procedure described for Example 6 followed by 
purification using mass directed preparative h.p.l.c. 
Mass spectrum: Found: MH* 454 
H.p.l.c. R,2.38min 
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V* NMR (MeOD-cfe) 1.70 (3H, d), 2.08 (1H, m), 2.63 (1H, m), 2.74 (6H s) 3 85 <2H ^ 

<1H ' dX 700 w * 722 <- * 

5 Example 3J)(GSK324496A) 




e-Chlom-M^yi^-f^o! i-rdim ft fh Y l a min„u^K, 
benzothiophene-2-suifana mide formate 
The title compound was prepared from Intermediate 48 and 6-chloro-i hm™ih.„ h 
.0 2 - SU „ 0nyl c hlori de using the precedure desCTibed tor ^ TZ££££Z 
us.ng mass directed preparative h.p.l.c. V purmcat,on 

Mass spectrum: Found: MH + 478 
H.p.l.c. R t 2.58min 

W 1) m <2H ' * 7 <2H ' 7 <1H * 8 01 < 2H ' "* 8 -31 



Example 31 
(GSK319341A) 




-2-OXO-3- 



20 

benzothinphcn^-o-c, tifonamide fnrms,^ 

Il^^T" ""r" ' n,ermediate 49 and ^"o-l-benzoMcphene-2- 

25 us,™ h 09 PTOOedUre deSCrib6d f0r ^P' 6 8 **>««« by purification 
25 using mass directed preparative h.p.Lc. punncaoon 
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Mass spectrum: Found: MH + 478 
H.p.l.c. Rt2.58min 

1 H NMR (MeOD-d 3 ) 1.69 (3H, d), 2.01 (1H, m), 2.51 (1H, m), 2.72 (6H, s), 3.80 (2H, m), 
4.42 (2H, m), 7.47 (1H, m), 7.49 (2H, d), 7.74 <2H, d), 7.91 (1H, d), 8.01 (2H, m). 8.37 
5 (1H, bs) 

Example 32 
(GSK259556A) 



10 < 1E V 2 -^Chloro-24hienvllN-fW4-ri-fdime^^ 
Pvrrolidinvn -1 -propene-1-sulfonamide formate 

The title compound was prepared using Intermediate 55 and (1E)-2-(5-chloro-2-thienyl)-1- 
propene-1-sulfonyl chloride using the procedure described for Example 6, followed by 
purification using mass directed preparative h.p.l.c. 
15 Mass spectrum: Found: MH* 504 
H.p.l.c. R,2.49min 

1 H NMR (MeOD-cfe) 8 1 .65 (3H, d), 2.21 (1 H, m), 2.47 (3H, d), 2.67 (1 H, m), 2.72 (6H. s), 
3.70 (1H, bm). 3.79 (1H, m), 4.33 (1H, bm), 4.46 (1H, dd), 6.93 (1H, bm), 6.97 (1H, d). 
7.26 (1 H, d), 7.31 (2H, bm), 8.19 (1H, bs) 

20 

Example 33 

6-Chloro-N-(1-{4-ri-rdimethvlamin o)ethvn>2.6-difluorophenvl)-2-oxo-3-pvrrolidinvn-1- 
benzothiop hene-2-sulfonamide formate (GSK259555A) 
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The title compound was prepared from Intermediate 55 and 6-chloro-l-benzothiophene-2- 
sulfonyl chloride using the procedure described for Example 8 followed by purification 
using mass directed preparative h.p.l.c. 
Mass spectrum: Found: MH* 514 
5 H.p.l.c. R t 2.57min 

1 H NMR (MeOr>c/ 3 ) 8 1.65 (3H, m), 2.12 (1H, m), 2.55 (1H. m), 2.72 (6H, s), 3.64 (1H, 
bm), 3.73 (1H, m), 4.38 (1H, bm), 4.48 (1H, dd), 7.31 (2H, bm), 7.45 (1H, d), 7.91 (1H, d), 
8.00 (2H, bm), 8.20(1 H.bs) 

10 

In vitro assay for inhibition of Factor Xa 

Compounds of the present invention were tested for their Factor Xa inhibitory activity as 
determined in vitro by their ability to inhibit human Factor Xa in a fluorogenic assay, using 
Rhodamine 110, bis-CBZ-glycylglycyl-L-arginine amide as the fluorogenic substrate. 

15 Compounds were diluted from a 10mM stock solution in dimethylsulfoxide at appropriate 
concentrations. Assay was performed at room temperature using buffer consisting of: 
50mM Tris-HCI, 150mM NaCI, 5mM CaCI 2 , pH 7.4 containing human Factor Xa (final 
concentration of 0.0003U.ml-1). Compound and enzyme were preincubated for 15min 
prior to addition of the substrate (final concentration of 10 uM). The reaction was stopped 

20 after 3 hrs with the addition of H-D-Phe-Pro-Arg-Chloromethylketone. An LJL-Analyst 
fluorimeter was used to monitor fluorescence with 485 nm excitation/535 nm emission. To 
obtain IC 50 values the data were analysed using ActivityBase® and XLfit®. 

Calculation of Ki values: 
25 Ki = ICso/(1 + [Substrate]/Km) 

The Ki value for the above assay can be obtained by dividing the IC S0 value by 1 .6. 

All of the synthetic Example compounds tested by the above described in vitro assay were 
found to exhibit Factor Xa inhibitory activity. Preferably, compounds have a Ki value of 
30 less than 1nM. More preferably, compounds have a Ki value of less than 0.1 uM. Most 
preferably, compounds have a Ki value of less than 10nM (e.g. Examples 1-18). 

Method for measu rement of Prothrombin Time (PT) 

35 Blood was collected into a sodium citrate solution (ratio 9:1) to give a final concentration of 
0.38% citrate. Plasma was generated by centrifugation of citrated blood samples at 1200 
x g for 20min at 4°C and stored at -20°C until use. PT analysis was conducted using 
plasma pooled from 4 separate donors (2 male and 2 female). 
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The PT test was performed using the BCS Coagulation Analyzer (Dade Behring) For 
assay, 50 ul of plasma containing test compound at concentrations ranging from 0 03 to 
100uM (made from a 100uM stock containing 1% DMSO in plasma) was combined with 
5 100ul of Thromboplastin C Plus (Dade Behring). Upon addition of the reagents 
absorbance at 405nm was monitored and time to clot formation is determined (normal 
range for human plasma is 10.6-12.4 seconds). 

All of the synthetic Example compounds tested by the above described assay were found 
10 to exhibit activity. 



General purificatio n and analytical methods 
LC/MS Method 

15 Analytical HPLC was conducted on a Supelcosil. LCABZ+PLUS column (3pm 3 3cm x 
4.6mm ID) eluting with 0.1% HC0 2 H and 0.01M ammonium acetate in water (solvent A) 
and 95% MeCN and 0.05% HCO z H in water (solvent B), using the following elution 
gradient 0-0.7 min 0%B, 0.7-4.2 min 0-+100%B, 4.2-5.3 min 10oVoB, 5.3-5 5 min 
100-0%B at a flow rate of 3 ml/min (System 1). The mass spectra (MS) were recorded 

20 on a Rsons VG Platform mass spectrometer using electrospray positive ionisation 
[(ES + ve to give MH + and M(NH 4 ) + molecular ions] or electrospray negative ionisation KES- 
ve to give (M-H)" molecular ion] modes. 

1 H nmr spectra were recorded using a Bruker DPX 400MHz spectrometer using 
25 tetramethylsilane as the external standard. 

Biotage™ chromatography refers to purification carried out using equipment sold by Dyax 
Corporation (either the Flash 40i or Flash 1501) and cartridges pre-packed with KPSil™. 

30 Mass directed preparative h.p.l.c. refers to methods where the material was purified by 
high performance liquid chromatography on a HPLCABZ+ 5 M m column (5cm x 10mm 
internal diameter) with 0.1% HC0 2 H in water and 95% MeCN, 5% water (0 5% HCO z H) 
utilising the following gradient elution conditions: 0-1.0 min 5%B, 1.0-8 0 min 5-*30%B 
8.0-8.9 min 30%B, 8.9-9.0 min 30-»95%B, 9.0-9.9 min 95%B, 9.9-10 min 95-+0%B at a 

35 flow rate of 8ml min' 1 (System 2). The Gilson 202-fraction collector was triggered by a VG 
Platform Mass Spectrometer on detecting the mass of interest. 



Hydrophobic frits refers to filtration tubes sold by Whatman. 
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SPE (solid phase extraction) refers to the use of cartridges sold by International Sorbent 
Technology Ltd. Silica SPE and SCX SPE were used. 

The internal diameter of the Chiralpak OD and Chiralcel OJ columns is 0.46 X 25cm 

5 

RediSep™ silica refers to pre-packed silica cartridges sold by ISCO Inc. 

Combi Flash" Companion™ refers to an automated purification system sold by ISCO Inc. 



10 



